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Description
BACKGROUND

[0001] This disclosure is directed toward power ma-
chines, including compact articulate loaders with extend-
able (e.g., telescoping) lift arm assemblies. More parti-
cularly, this disclosure is directed toward leveling sys-
tems for buckets, other implements, or implement car-
riers on lift arm assemblies of power machines. Power
machines, for the purposes of this disclosure, include any
type of machine that generates power to accomplish a
particular task or a variety of tasks. One type of power
machine is a work vehicle. Work vehicles, such as loa-
ders, are generally self-propelled vehicles that have a
work device, such as a lift arm (although some work
vehicles can have other work devices) that can be ma-
nipulated to perform a work function. Work vehicles in-
clude loaders, excavators, utility vehicles, tractors, and
trenchers, to name a few examples.

[0002] Different types of power machines, including
articulated loaders, can include lift arm assemblies, such
as may be used to execute work functions using imple-
ments secured to the lift arm assemblies. For example,
hydraulic circuits can be operated to move a lift arm
assembly to raise or lower, or otherwise manipulate, a
bucket or other implement that is coupled to a lift arm of
the lift arm assembily. It can be helpful to operators to
provide control of the attitude of an implement (i.e., the
orientation of the implement relative to ground, a hori-
zontal plane, or another reference) during movement of a
lift arm, so as to maintain the implement at an appropriate
attitude (e.g., within an appropriate attitude range relative
to ground).

[0003] The discussion above is merely provided for
general background information and is not intended to
be used as an aid in determining the scope of the claimed
subject matter.

[0004] US 2004/091347 A1 discloses a material hand-
ling apparatus including a vehicle having a front end, a
rear end, a left side, a right side, a chassis, and a ground
engagement device attached to the chassis for providing
movement of the vehicle across ground. The handing
apparatus further comprises an engine constructed for
propelling the vehicle; a loader assembly; a hydraulic
system constructed for driving the loader assembly; and
operator area including a cage for protecting an operator
located within the operator area, and controls for con-
trolling movement of the vehicle and for controlling op-
eration of the loader assembly.

[0005] US 5,533,856 A discloses a front-end loader
that includes a pair of loader arms and features a paral-
lelogram-shaped plate assembly associated with each
arm and having first and second corners respectively
pivotally mounted to the forward end of a respective
loaderarm and to an implement carrier holder and having
third and fourth corners, respectively, pivotally coupled to
levelling and tilt linkage assemblies.
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[0006] DE 20 2006 019 277 U1 relates to a loader
comprising at least one loader arm that is indirectly or
directly pivotably attached to a tool holder or a tool on the
one hand and to a carrier structure on the other.

[0007] DE 23 37 620 A1 relates to a control arrange-
ment for the loading tool of a loading vehicle.

SUMMARY

[0008] The subject-matter of the present invention is
defined in independent claim 1. Further preferred embo-
diments of the present invention are defined in the de-
pendent claims. In particular, some examples according
to this disclosure, which are useful for the understanding
of the present invention, can provide improved operation
of power machines relative to an attitude, and attitude
changes, of an implement carrier or implement as a lift
arm is raised and lowered. For example, some embodi-
ments can include a set of hydraulically synchronized
cylinders and a set of mechanically synchronized cylin-
ders that form part of, and can be actuated to move,
linkages of different configurations, to provide improved
automatic leveling of a bucket or other implement during
operation of a lift arm.

[0009] Some examples of the disclosure provide a lift
arm assembly, including a lift arm that can be pivotally
secured (or configured to be secured) at a first end to a
main frame of a power machine, animplement carrier that
can be pivotally secured to a second end of the liftarm, a
lift cylinder that can be pivotally secured at a first end to
the lift arm and pivotally secured at a second end to the
main frame, so that extending or retracting the lift cylinder
raises or lowers the lift arm, a leveling link that can be
pivotally secured at a first end to the lift arm, and a tilt
cylinder that can be pivotally secured at a first end to an
implement carrier and pivotally secured at a second end
to the leveling link, so that operation of the tilt cylinder
causes the implement carrier to pivot relative to the lift
arm. The liftarm assembly can further include anisolated
hydraulic circuit that can include a follower cylinder that
can be pivotally secured at a first end to the lift arm and
pivotally secured at a second end to the main frame, so
that the follower cylinder is mechanically synchronized
with the lift cylinder, a leveling cylinder that can be pivo-
tally secured at a first end to the lift arm and pivotally
secured at a second end to the leveling link, a first conduit
that can provide hydraulic flow between a base end of the
follower cylinder and a base end of the leveling cylinder,
and a second conduit that can provide hydraulic flow
between a rod end of the follower cylinder and a rod
end of the leveling cylinder, so that movement of the
follower and leveling cylinders is hydraulically synchro-
nized by flow through the first and second conduits.
[0010] In some examples, a lift arm assembly can
include a leveling cylinder and a tilt cylinder that are
pivotally secured to a leveling link along a common pivot
axis.

[0011] In some examples, a lift arm assembly can
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include an isolated hydraulic circuit that can be config-
ured to cause a leveling cylinder to extend when a fol-
lower cylinder retracts, and to retract when the follower
cylinder extends.

[0012] In some examples, a lift arm assembly can
include a leveling link, a leveling cylinder, and an imple-
ment carrier that are pivotally secured to a second end of
the lift arm at two or more pivot axes, and a first end of the
lift cylinder and a first end of the follower cylinder can be
pivotally secured to the lift arm between the main frame
and the two or more pivot axes. In some examples, the
first end of the follower cylinder can be pivotally secured
to the lift arm with a common pivot axis with the first end of
the lift cylinder. In some examples, the first end of the
follower cylinder can be pivotally secured to the lift arm
between the first end of the lift cylinder and a first end of
the lift arm.

[0013] In some examples, with a lift arm of a lift arm
assembly in a fully lowered position, an elongate direc-
tion of a leveling link can extend, from a first end of the
leveling link to a second end of the leveling link, away
from an implement carrier. In some examples, a hydrau-
lically synchronized movement of a follower cylinder and
a leveling cylinder of an isolated hydraulic circuit of the lift
arm assembly can cause the second end of the leveling
link to pivot about the first end of the leveling link toward
the implement carrier as the lift armis raised from the fully
lowered position. In some examples, over a range of
movement of the lift arm between the fully lowered posi-
tion and a fully raised position, the elongate direction of
the leveling link can maintain an acute angle relative to an
elongate direction of the lift arm that extends between the
first and second ends of the lift arm. In some examples,
the first end of the leveling link can be pivotally secured to
a lower side of the lift arm, and the tilt cylinder and the
leveling cylinder can be pivotally secured to the leveling
link at a second end of the leveling link that can extend
above the lift arm.

[0014] In some examples, a lift arm assembly can
include a leveling link that can be pivotally secured to a
lower side of a lift arm, an implement carrier that can be
pivotally secured to the lower side of the lift arm, and a
leveling cylinder that can be pivotally secured to an upper
side of the lift arm.

[0015] In some examples, a lift arm assembly can
include a leveling cylinder and an implement carrier that
can be pivotally secured to a lift arm along a common
pivot axis.

[0016] In some examples, a lift arm assembly can
include an isolated hydraulic circuit that includes a drain
valve that can be configured to selectively release fluid
from a leveling cylinder and a follower cylinder.

[0017] In some examples, a lift arm assembly can
include a tilt cylinder that can be configured to pivot an
implement carrier relative to a lift arm so that the imple-
ment carrier operates as a first bell crank, and a leveling
cylinder that can be configured to pivot a leveling link
relative to the liftarm so thattheleveling link operatesas a
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second bell crank. In some examples, extension of the tilt
cylinder can cause the implement carrier, as the first bell
crank, to pivotin afirst rotational direction, and extension
of the leveling cylinder, by retraction of the follower cy-
linder, can cause the leveling link, as the second bell
crank, to pivot opposite the first rotational direction.
[0018] Someexamples of the disclosure also provide a
lift arm assembly, including a lift arm that is pivotally
secured to a main frame of a power machine and a lift
cylinderthatis pivotally secured at a firstend to the liftarm
and pivotally secured at a second end to the main frame,
so that extending or retracting the lift cylinder raises or
lowers the lift arm. A follower cylinder can be pivotally
secured at a first end to the lift arm and pivotally secured
at a second end to the main frame, so that the follower
cylinder is mechanically synchronized with the lift cylin-
der. A first bell crank arrangement supported by the lift
arm caninclude: the liftarm; aleveling link that is pivotally
secured at a first end to the lift arm; and a leveling
cylinder. The leveling cylinder can be hydraulically syn-
chronized with the follower cylinder, pivotally secured ata
first end to the lift arm, and pivotally secured at a second
end to a second end of the leveling link, so that operation
of the leveling cylinder, as caused by operation of the
follower cylinder, causes the leveling link to pivot relative
to the lift arm. A second bell crank arrangement sup-
ported by the lift arm can include: the lift arm, the leveling
link, and the leveling cylinder, collectively; an implement
carrier that is pivotally secured to a second end of the lift
arm; and a tilt cylinder. The tilt cylinder can be pivotally
secured at a first end to the implement carrier and pivo-
tally secured at a second end to the second end of the
leveling link, so that operation of the tilt cylinder causes
the implement carrier to pivot relative to the lift arm, the
leveling link, and the leveling cylinder, collectively.
[0019] In some examples, a lift arm assembly can
include a leveling cylinder of a first bell crank arrange-
ment and a tilt cylinder of a second bell crank arrange-
ment that can be pivotally secured to a leveling link along
a common pivot axis.

[0020] Some examples of the disclosure provide a
power machine that can include a main frame, a power
source, a hydraulic work circuit that can be configured to
power hydraulic operations with one or more pumps
using power from the power source, and a lift arm struc-
ture. The lift arm structure can include a main lift arm
portion pivotally secured at a first end to a main frame of a
power machine, an extendable lift arm portion that is
slidably supported by the main lift arm portion for exten-
sion and retraction relative to the main lift arm portion,
and an implement carrier that is pivotally secured to a
second end of the extendable lift arm portion. A lift
cylinder can be pivotally secured at a first end to the main
lift arm portion and pivotally secured at a second end to
the main frame, so that extension or retracting the lift
cylinder raises or lowers the lift arm structure. A leveling
link can be pivotally secured at a first end to the extend-
able liftarm portion. Atilt cylinder can be pivotally secured
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at a first end to the implement carrier and pivotally se-
cured ata second end to a second end of the leveling link,
so that operation of the tilt cylinder causes the implement
carrier to pivot relative to the extendable lift arm portion. A
follower cylinder can be pivotally secured at a first end to
the main lift arm portion and pivotally secured ata second
end to the main frame, so that the follower cylinder is
mechanically synchronized with the lift cylinder. A level-
ing cylinder can be hydraulically synchronized with the
follower cylinder, pivotally secured at a first end to the
extendable lift arm portion and pivotally secured at a
second end to the second end of the leveling link, so that
operation of the lift cylinder by the one or more pumps
causes synchronized operation of the leveling cylinder.
[0021] Insome examples, for an entire range of motion
of an extendable lift arm portion of a lift arm structure
between a fully retracted position and a fully extended
position, one or more locations at which a leveling link, a
leveling cylinder, and an implement carrier are pivotally
secured to the extendable lift arm portion can be posi-
tioned beyond a second end of a main lift arm portion,
relative to a direction from a first end of the main lift arm
portion toward a second end of the main liftarm portion. In
some examples, the leveling link can be pivotally secured
to a lower side of the lift arm and the leveling cylinder can
be pivotally secured to an upper side of the lift arm. In
some examples, the leveling link can be formed from a
first side plate and a second side plate that collectively
pivotally support the leveling cylinder and a tilt cylinder,
and a torque tube can extend between the first and
second side plates. With the lift arm structure in a fully
lowered configuration, the torque tube can be between
the main lift arm portion and the leveling and tilt cylinders
and/or one of rearward of or intersected by a line of action
ofthe leveling link that extends between pivotally secured
first and second ends of the leveling link.

[0022] Some examples of the disclosure provide a
hydraulic system for a lift arm assembly, including a
follower cylinder and a leveling cylinder. A base end
hydraulic flow path can extend between a base end of
the follower cylinder and a base end of the leveling
cylinder. A rod end hydraulic flow path can extend be-
tween a rod end of the follower cylinder and a rod end of
the leveling cylinder. A first outlet hydraulic flow path can
extend from the base end hydraulic flow path. A second
outlet hydraulic flow path can extend from the rod end
hydraulic flow path. The first and second outlet hydraulic
flow paths can connect the base end and rod end hy-
draulic flow paths, respectively, to tank, via one or more
pressure relief valves.

[0023] In some examples, a hydraulic system for a lift
arm assembly can include a follower cylinder, a leveling
cylinder, a base-end hydraulic flow path, and a rod-end
hydraulic flow path that can form part of an isolated
hydraulic circuit that can be configured to extend and
retract the leveling cylinder based on movement of the
follower cylinder. In some examples, the hydraulic sys-
tem can further include a flow source that can be config-
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ured to provide charge hydraulic flow to the follower and
leveling cylinders via the base-end and rod-end hydraulic
flow paths. In some examples, the flow source can pro-
vide charge hydraulic flow to the base-end hydraulic flow
path via a first outlet hydraulic flow path and a first one-
way valve and can provide charge hydraulic flow to the
rod-end hydraulic flow path via a second outlet hydraulic
flow path and a second one-way valve. In some exam-
ples, the hydraulic system can further include a third one-
way valve along the first outlet hydraulic flow path and a
fourth one-way valve along the second outlet hydraulic
flow path. An inlet of the charge hydraulic flow from the
flow source into the first outlet hydraulic flow path can be
upstream of the third one-way valve, relative to flow to
tank, and an inlet of the charge hydraulic flow from the
flow source into the second outlet hydraulic flow path can
be upstream of the fourth one-way valve, relative to flow
to tank. In some examples, the hydraulic system can
include one or more pressure relief valves that can in-
clude at least one pressure relief valve that receives flow
from and regulates pressure within each of the first and
second outlet hydraulic flow paths. In some examples,
the hydraulic system caninclude a drain valve that can be
configured to selectively release fluid from the follower
and leveling cylinders to bypass at least one of one or
more pressure relief valves.

[0024] In some examples, a hydraulic system for a lift
arm assembly can include first and second outlet hy-
draulic flow paths that can connectbase-end and rod-end
hydraulic flow paths to tank via a shared pressure relief
valve.

[0025] Someexamples of the disclosure also provide a
hydraulic system for a lift arm assembly, including an
isolated hydraulic circuit, a first hydraulic arrangement,
and a second hydraulic arrangement. The isolated hy-
draulic circuit can include a follower cylinder, a leveling
cylinder, a first conduit that can directly connect a base
end of the follower cylinder and a base end of the leveling
cylinder, and a second conduit that can directly connecta
rod end of the follower cylinder and a rod end of the
leveling cylinder. The first hydraulic arrangement can
connect the first conduit to a flow source and to tank,
and the second hydraulic arrangement can connect the
second conduit to the charge pump and to tank.

[0026] This Summary and the Abstract are provided to
introduce a selection of concepts in a simplified form that
are further described below in the Detailed Description.
This Summary and the Abstract are not intended to
identify key features or essential features of the claimed
subject matter, nor are they intended to be used as an aid
in determining the scope of the claimed subject matter.

DRAWINGS
[0027]

FIG. 1 is a block diagram illustrating functional sys-
tems of a representative power machine on which
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examples of the present disclosure can be advanta-
geously practiced.

FIG. 2is a perspective view showing generally a front
of a power machine in the form of a compact loader
on which examples disclosed in this specification
can be advantageously practiced.

FIG. 3 is a perspective view showing generally a
back of the power machine shown in FIG. 2.

FIG. 4 is ablock diagramillustrating components ofa
power system of a loader such as the loader of FIGs.
2 and 3.

FIG. 5is an isometric view of a lift arm assembly with
a self-leveling system according to an embodiment
of the present disclosure.

FIG. 5A is a schematic view of aspects of a lift arm
assembly with a self-leveling system according to an
embodiment of the present disclosure.

FIG. 6is a schematicillustration of a lift arm structure
for use in the lift arm assembly of FIG. 5.

FIG. 7 is a schematic illustration of a power machine
with the lift arm assembly of FIG. 5.

FIG. 8 is a schematic illustration of the power ma-
chine and the lift arm assembly of FIG. 5, in a low-
ered, full rollback position.

FIG. 9 is a schematic illustration of the power ma-
chine and the liftarm assembly of FIG. 5, in a raised,
full rollback position.

FIG. 10 is a schematic illustration of the power ma-
chine and the liftarm assembly of FIG. 5, in a partially
lowered, fully rolled out position.

FIG. 11 is a schematic illustration of the power ma-
chine and the liftarm assembly of FIG. 5, in a raised,
fully rolled out position.

FIGs. 12-14 are diagrammatic illustrations of hydrau-
lic circuits for a lift arm assembly according to ex-
amples of the present disclosure.

DESCRIPTION

[0028] The concepts disclosed in this discussion are
described and illustrated by referring to exemplary ex-
amples. These concepts, however, are not limited in their
application to the details of construction and the arrange-
ment of components in the illustrative examples and are
capable of being practiced or being carried out in various
other ways. The terminology in this document is used for
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the purpose of description and should not be regarded as
limiting. Words such as "including," "comprising," and
"having" and variations thereof as used herein are meant
to encompass the items listed thereafter, equivalents
thereof, as well as additional items. Throughout the dis-
closure, the terms "about" and "approximately" refer to a
range of values * 5% of the number that each term
precedes.

[0029] As used herein, "geometrically parallel”" refers
to components that are arranged along parallel reference
lines or planes. For example, two or more geometrically
parallel cylinders may be arranged with parallel lines of
action for extension and retraction.

[0030] Also as used herein, "mechanically synchro-
nized" refers to components that are configured to move
simultaneously based on a common force input. In parti-
cular, two or more mechanically synchronized cylinders
are configured to extend or retract in unison based on a
common input. In some cases, a first component may be
moved under power to cause a mechanically synchro-
nized movement of a second component. For example,
first hydraulic cylinder can be moved under power to
cause a mechanically synchronized movement of a sec-
ond hydraulic cylinder via a mechanical tie between the
cylinders. In some installations, mechanically synchro-
nized cylinders may extend or retract at different rates, or
with different respective stroke lengths. In some installa-
tions, mechanically synchronized cylinders may be con-
figured to extend or retract at proportional rates, so that
movement of a first cylinder is proportional to movement
of a second cylinder.

[0031] Also as used herein, "hydraulically synchro-
nized" refers to components that are hydraulically linked
so that movement of a first component causes movement
of a second component via hydraulic action. For exam-
ple, two or more hydraulic synchronized cylinders may be
incorporated into a hydraulic circuit so that extension/re-
traction of one cylinder results in a synchronized retrac-
tion/extension (or extension/retraction) of the other cy-
linder(s). Generally, hydraulically synchronized compo-
nents (e.g., cylinders) can be included in one or more
shared isolated hydraulic circuits, to provide synchroniz-
ing hydraulic flow between the components.

[0032] In some cases, hydraulically synchronized cy-
linders can be "directly" synchronous, so that hydraulic
connections cause a first cylinder to extend or retract
based on extension or retraction, respectively, of a sec-
ond cylinder. In some cases, hydraulically synchronized
cylinders can be "inversely" synchronous, so that hy-
draulic connections cause the cylinders to extend or
retract oppositely to each other. For example, rod ends
oftwo cylinders may be connected via afirsthydraulicline
and base ends of the two cylinders may be connected by
a second hydraulic line, as part of an isolated hydraulic
circuit. Accordingly, fluid transfer between the rod ends
and the corresponding fluid transfer between the base
ends can cause the second cylinder to extend as the first
cylinder retracts (and vice versa).
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[0033] Also as used herein, an "isolated" hydraulic
circuit is a hydraulic circuit that is arranged to contain
pressure but does not include an active pump, or flow
connections that allow a pressure source outside of the
circuit to operate components (e.g., cylinders) within the
hydraulic circuit. For example, some isolated hydraulic
circuits may include one or more hydraulic actuators
(e.g., cylinders), one or more one-way valves (e.g., var-
ious known check valves), or one or more pressure relief
valves (e.g., of various known configurations) to prevent
flow out of the hydraulic circuit, at least for pressures
below a set point. In some cases, an isolated hydraulic
circuit may be connected to a charge pump or other flow
source that is configured to provide pressurized fluid
(e.g., via spring-biased check-valves), to refill the iso-
lated hydraulic circuit or to help increase pressure within
the hydraulic circuit toward a set point. However, such a
charge pump (or other source)is generally not configured
to move an actuator within the isolated hydraulic circuit. In
some cases, an isolated hydraulic circuit can define a
constant volume of hydraulic fluid that can be contained
by the isolated hydraulic circuit, and that can include the
internal volume of one or more hydraulically synchro-
nized cylinders.

[0034] Conventional lift arm structures are generally
configured to move an implement, e.g., a bucket, by
raising and lowering a distal end of the lift arm. However,
raising and lowering a lift arm tends to also change an
attitude of an implement attached to the lift arm. In some
cases, this lift-induced tilting of the implement may cause
undesirable results. For example, change in attitude of a
bucket can result in rollout or other undesired spillage of
bucket contents.

[0035] Examples of the present disclosure can ad-
dress these problems, and others, including by providing
a self-leveling lift arm assembly. For example, the dis-
closed arrangements of synchronized cylinders, includ-
ing lift and tilt cylinders, and associated structural links
can help to counteract lift-induced tilting of an implement
orimplement carrier without requiring tilt-correction input
from an operator. Some examples can be adapted in
particular to lift arm structures with telescoping lift arms,
including via appropriate structural arrangements of lift
arm portions, leveling links, and pivot axes for various
cylinders or structural members.

[0036] Generally, examples of the disclosure include a
hydraulic follower cylinder that is mechanically synchro-
nized with a hydraulic lift cylinder for a lift arm. The
follower cylinder can also be hydraulically synchronized
with a hydraulic leveling cylinder (e.g., inversely), so that
the leveling cylinder caused to extend or retract by move-
ment of the lift arm, via corresponding hydraulic flow to
and from the follower cylinder. The leveling cylinder can
be pivotally secured to the lift arm and to a leveling link.
The leveling link can also be pivotally secured to the lift
arm, as well as pivotally secured to a tilt cylinder. The tilt
cylinder can also be pivotally secured to an implement
carrier, so that the tilt cylinder can directly change an
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attitude of the implement carrier relative to the lift arm
(e.g., by extending or retracting, or via movement of the
leveling link).

[0037] Accordingly, as the lift cylinder raises and low-
ers the lift arm, the follower cylinder synchronously ex-
tends and retracts, which causes a corresponding syn-
chronous movement of the leveling cylinder. Movement
of the leveling cylinder in turn causes the leveling link to
pivot relative to the lift arm, which moves the tilt cylinder,
as a whole (e.g., at any given fixed stroke location), to
pivot the implement carrier. Thus, the attitude of the
implement carrier can be adjusted automatically based
on movement of the lift arm, even in the absence of any
commanded extension or retraction of the tilt cylinder. In
some cases, this may substantially reduce undesired
tilting of an implement during lift arm operation.

[0038] In some examples, a lift arm assembly accord-
ing to the disclosure can include a telescoping lift arm
assembly that includes a main lift arm portion, an extend-
able liftarm portion configured to extend and retract (e.g.,
move telescopically) relative to the main lift arm portion,
and an implement or implement carrier supported by the
extendable lift arm portion (e.g., a bucket, supported by
an implement carrier that is coupled to a distal end of the
extendable lift arm portion). A lift cylinder can be pivotally
secured at one end (e.g., a base end) to a main frame of
the power machine, and can be pivotally secured at
another end (e.g., a rod end) to the main lift arm portion.
A follower cylinder can also be pivotally secured to the
main frame and to the main lift arm portion, so that the
follower and lift cylinders are mechanically synchronized
with each other and with movement of the main lift arm
portion.

[0039] In some examples, a telescoping lift arm as-
sembly can further include a leveling cylinder and a tilt
cylinder. The leveling cylinder can be pivotally connected
to the extendable lift arm portion and to a leveling link,
which can also be pivotally secured to the extendable lift
arm portion. The tilt cylinder can be pivotally connected to
both the leveling link and to an implement carrier that is
also pivotally secured to the extendable lift arm. Further,
the leveling cylinder can be hydraulically synchronized
with the follower cylinder to provide automatic tilt adjust-
ments during operation of the lift arm assembly. For
example, with an inversely hydraulically synchronized
arrangement, extension of the follower cylinder, as cor-
responds to the main liftarm portion being raised, causes
a retraction of the leveling cylinder. For a given stroke
position of the tilt cylinder, this synchronized retraction of
the leveling cylinder can cause the leveling link to pivot
forward relative to the extendable lift arm portion, so that
the levelinglink, via the tilt cylinder, causes the implement
carrier to also pivot forward relative to the extendable lift
arm portion. Thus, a rearward rotational change in atti-
tude of an implement carrier, as is typically caused by the
raising of an associated lift arm, can be counteracted (at
least in part). Further, a reverse of the sequence dis-
cussed above can also counteract attitude changes for
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an implement during the lowering of a lift arm.

[0040] Insome examples, as also detailed below, par-
ticular relative arrangements of pivot axes, angular or-
ientation of cylinders or links, and other structural con-
figurations for a lift arm assembly with automatic tilt-
leveling can be particularly beneficial. In some arrange-
ments, it may be beneficial for a tilt cylinder and a leveling
cylinderto be pivotally connected to aleveling link along a
common pivot axis (e.g., using a common pivot pin),
although other arrangements are also possible. In some
arrangements, a lift cylinder and a follower cylinder may
similarly share a common pivot axis at a main frame or at
a lift arm, although spaced-apart pivot axes at a main
frame or at a lift arm may be beneficial in some cases. In
some arrangements, a leveling link, a leveling cylinder, a
tilt cylinder, and animplement carrier can be configured to
effectively provide two opposing bell crank assemblies,
with common actuators and links, to provide automatic
leveling for the implement carrier.

[0041] In some arrangements, a leveling link can be
pivotally secured to a lower side of a distal end of a liftarm
and a leveling cylinder can be pivotally secured to an
upper side of the distal end of the lift arm. In some
arrangements, a leveling cylinder can be pivotally se-
cured to aliftarm between a distal end of the liftarm and a
location at which a leveling link is pivotally secured to the
lift arm. In some arrangements, a leveling cylinder and a
leveling link can be pivotally secured to an extendable
portion of a lift arm, between a distal end of the extend-
able portion and a distal end of a main portion of the lift
arm that supports the extendable portion relative to a
main frame of a power machine.

[0042] The context and particulars of this discussion
are presented as examples only. For example, examples
of the disclosed invention can be configured in various
ways, including with different materials and arrange-
ments of elements. Similarly, examples of the invention
can be used with various types of power equipment,
including loaders, excavators, utility vehicles, tractors,
and trenchers, or other types of power equipment other
than those expressly illustrated or described herein.
[0043] These concepts can be practiced on various
power machines, as will be described below. A repre-
sentative power machine on which the examples can be
practiced is illustrated in diagram form in FIG. 1 and one
example of such a power machine is illustrated in FIGs. 2
and 3 and described below before any examples are
disclosed. For the sake of brevity, only one power ma-
chine is discussed. However, as mentioned above, the
examples below can be practiced on any of a number of
power machines, including power machines of different
types from the representative power machine shown in
FIGs. 2 and 3. Power machines, for the purposes of this
discussion, include a frame, at least one work element,
and a power source that can provide power to the work
element to accomplish a work task. One type of power
machine is a self-propelled work vehicle. Self-propelled
work vehicles are a class of power machines that include
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a frame, work element, and a power source that can
provide power to the work element. At least one of the
work elements is a motive system for moving the power
machine under power.

[0044] The examples of the disclosure are presented
below in the context of articulated loaders, with lift arm
assembly components arranged on and secured to a
frame. In some examples, lift arm assembly components
and related systems according to the disclosure can be
used with other types of power machines, including with
non-articulated power machines with tractive elements
other than tracks (e.g., wheels).

[0045] FIG. 1 illustrates a block diagram of the basic
systems of a power machine 100 upon which the exam-
ples discussed below can be advantageously incorpo-
rated and which can be any of a number of different types
of power machines. The block diagram of FIG. 1 identifies
various systems on the power machine 100 and the
relationship between various components and systems.
As mentioned above, at the most basic level, power
machines for the purposes of this discussion include a
frame, a power source, and a work element. The power
machine 100 has aframe 110, a power source 120, and a
work element 130. Because power machine 100 shown
in FIG. 1 is a self-propelled work vehicle, it also has
tractive elements 140, which are themselves work ele-
ments provided to move the power machine over a sup-
port surface, and an operator station 150 that provides an
operating position for controlling the work elements of the
power machine 100. A control system 160 is provided to
interact with the other systems to perform various work
tasks at least in part in response to control signals pro-
vided by an operator.

[0046] Certain work vehicles have work elements that
can perform a dedicated task. For example, some work
vehicles have a lift arm to which an implement such as a
bucket is attached such as by a pinning arrangement.
The work element, i.e., the lift arm can be manipulated to
position the implement to perform the task. In some
instances, the implement can be positioned relative to
the work element, such as by rotating a bucket relative to
a liftarm, to further position the implement. Under normal
operation of such a work vehicle, the bucketis intended to
be attached and under use. Such work vehicles may be
able to accept other implements by disassembling the
implement/work element combination and reassembling
another implement in place of the original bucket. Other
work vehicles, however, are intended to be used with a
wide variety of implements and have an implement inter-
face such as implementinterface 170 shown in FIG. 1. At
its most basic, implement interface 170 is a connection
mechanism between the frame 110 or a work element
130 and an implement, which can be as simple as a
connection point for attaching an implement directly to
the frame 110 or awork element 130 or more complex, as
discussed below.

[0047] Onsome power machines, implement interface
170 can include an implement carrier, which is a physical
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structure movably attached to a work element. The im-
plement carrier has engagement features and locking
features to accept and secure any of a number of different
implements to the work element. One characteristic of
such an implement carrier is that once an implement is
attached to it, the implement carrier is fixed to the imple-
ment (i.e. not movable with respect to the implement) and
when the implement carrier is moved with respect to the
work element, the implement moves with the implement
carrier. The term implement carrier as used herein is not
merely a pivotal connection point, but rather a dedicated
device specifically intended to accept and be secured to
various differentimplements. The implement carrier itself
is mountable to a work element 130 such as a lift arm or
the frame 110. Implement interface 170 can also include
one or more power sources for providing power to one or
more work elements on an implement. Some power
machines can have a plurality of work elements with
implement interfaces, each of which may, but need not,
have an implement carrier for receiving implements.
Some other power machines can have a work element
with a plurality of implement interfaces so that a single
work element can accept a plurality of implements simul-
taneously. Each of these implement interfaces can, but
need not, have an implement carrier.

[0048] Frame 110 includes a physical structure that
can support various other components that are attached
thereto or positioned thereon. The frame 110 can include
any number of individual components. Some power ma-
chines have frames that are rigid. That is, no part of the
frame is movable with respect to another part of the
frame. Other power machines have at least one portion
that can move with respect to another portion of the
frame. For example, excavators can have an upperframe
portion that rotates with respect to a lower frame portion.
Other work vehicles have articulated frames such that
one portion of the frame pivots with respect to another
portion for accomplishing steering functions.

[0049] Frame 110 supports the power source 120,
which can provide power to one or more work elements
130 including the one or more tractive elements 140, as
well as, in some instances, providing power for use by an
attached implement via implement interface 170. Power
from the power source 120 can be provided directly to any
of the work elements 130, tractive elements 140, and
implement interfaces 170. Alternatively, power from the
power source 120 can be provided to a control system
160, which in turn selectively provides power to the
elements that are capable of using it to perform a work
function. Power sources for power machines typically
include an engine such as an internal combustion engine
and a power conversion system such as a mechanical
transmission or a hydraulic system that is capable of
converting the output from an engine into a form of power
that is usable by a work element. Other types of power
sources can be incorporated into power machines, in-
cluding electrical sources or a combination of power
sources, known generally as hybrid power sources.
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[0050] FIG. 1 shows a single work element designated
as a work element 130, but various power machines can
have any number of work elements. Work elements are
typically attached to the frame of the power machine and
movable with respect to the frame when performing a
work task. In addition, tractive elements 140 are a special
case of work element in that their work function is gen-
erally to move the power machine 100 over a support
surface. Tractive elements 140 are shown separate from
the work element 130 because many power machines
have additional work elements besides tractive ele-
ments, although that is not always the case. Power
machines can have any number of tractive elements,
some or all of which can receive power from the power
source 120 to propel the power machine 100. Tractive
elements can be, for example, wheels attached to an
axle, track assemblies, and the like. Tractive elements
can be mounted to the frame such that movement of the
tractive element is limited to rotation about an axle (so
that steering is accomplished by a skidding action) or,
alternatively, pivotally mounted to the frame to accom-
plish steering by pivoting the tractive element with re-
spect to the frame.

[0051] Power machine 100 includes an operator sta-
tion 150 thatincludes an operating position from which an
operator can control operation of the power machine. In
some power machines, the operator station 150 is de-
fined by an enclosed or partially enclosed cab. Some
power machines on which the disclosed embodiments
may be practiced may not have a cab or an operator
compartment of the type described above. For example,
a walk behind loader may not have a cab or an operator
compartment, but rather an operating position that
serves as an operator station from which the power
machine is properly operated. More broadly, power ma-
chines other than work vehicles may have operator sta-
tions that are not necessarily similar to the operating
positions and operator compartments referenced above.
Further, some power machines such as power machine
100 and others, whether they have operator compart-
ments, operator positions or neither, may be capable of
being operated remotely (i.e., from a remotely located
operator station) instead of or in addition to an operator
station adjacent or on the power machine. This can
include applications where at least some of the opera-
tor-controlled functions of the power machine can be
operated from an operating position associated with an
implement that is coupled to the power machine. Alter-
natively, with some power machines, a remote-control
device can be provided (i.e., remote from both the power
machine and any implement to which is it coupled) that is
capable of controlling at least some of the operator-con-
trolled functions on the power machine.

[0052] FIGs. 2 and 3 illustrate a loader 200, which is
one particular example of a power machine of the type
illustrated in FIG. 1 where the embodiments discussed
below can be advantageously employed. Loader 200 is
an articulated loader with a front mounted lift arm assem-
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bly 230, which in this example is a telescopic lift arm.
Loader 200 is one particular example of the power ma-
chine 100 illustrated broadly in FIG. 1 and discussed
above. To that end, features of loader 200 described
below include reference numbers that are generally si-
milar to those used in FIG. 1. For example, loader 200 is
described as having a frame 210, just as power machine
100 has aframe 110. The description herein of loader 200
with references to FIGs. 2 and 3 provides anillustration of
the environment in which the embodiments discussed
below and this description should not be considered
limiting especially as to the description of features of
the loader 200 that are not essential to the disclosed
embodiments. Such features may or may not be included
in power machines other than loader 200 upon which the
embodiments disclosed below may be advantageously
practiced. Unless specifically noted otherwise, embodi-
ments disclosed below can be practiced on a variety of
power machines, with the loader 200 being only one of
those power machines. For example, some or all of the
concepts discussed below can be practiced on many
other types of work vehicles such as various other loa-
ders, excavators, trenchers, and dozers, to name but a
few examples.

[0053] Loader 200 includes frame 210 that supports a
power system 220 that can generate or otherwise provide
power for operating various functions on the power ma-
chine. Frame 210 also supports a work element in the
form of liftarm assembly 230 that is powered by the power
system 220 and that can perform various work tasks. As
loader 200 is a work vehicle, frame 210 also supports a
traction system 240, which is also powered by power
system 220 and can propel the power machine over a
support surface. The lift arm assembly 230 in turn sup-
ports an implement interface 270 that includes an imple-
ment carrier 272 that can receive and secure various
implements to the loader 200 for performing various work
tasks and power couplers 274, to which an implement
can be coupled for selectively providing power to an
implement that might be connected to the loader. Power
couplers 274 can provide sources of hydraulic or electric
power or both. The loader 200 includes a cab 250 that
defines an operator station 255 from which an operator
can manipulate various control devices to cause the
power machine to perform various work functions. Cab
250 includes a canopy 252 that provides a roof for the
operator compartment and is configured to have an entry
254 on one side of the seat (in the example shown in FIG.
3, theleftside)to allow for an operator to enter and exit the
cab. Although cab 250 as shown does not include any
windows or doors, a door or windows can be provided.
[0054] The operator station 255 includes an operator
seat 258 and the various operation input devices 260,
including control levers that an operator can manipulate
to control various machine functions. Operator input
devices can include a steering wheel, buttons, switches,
levers, sliders, pedals and the like that can be stand-
alone devices such as hand operated levers or foot
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pedals or incorporated into hand grips or display panels,
including programmable input devices. Actuation of op-
erator input devices can generate signals in the form of
electrical signals, hydraulic signals, and/or mechanical
signals. Signals generated in response to operator input
devices are provided to various components on the
power machine for controlling various functions on the
power machine. Among the functions that are controlled
via operator input devices on power machine 100 include
control of the tractive system 240, the lift arm assembly
230, the implement carrier 272, and providing signals to
any implement that may be operably coupled to the
implement.

[0055] Loaders can include human-machine inter-
faces including display devices that are provided in the
cab 250 to give indications of information relatable to the
operation of the power machines in a form that can be
sensed by an operator, such as, for example audible
and/or visual indications. Audible indications can be
made in the form of buzzers, bells, and the like or via
verbal communication. Visual indications can be made in
the form of graphs, lights, icons, gauges, alphanumeric
characters, and the like. Displays can be dedicated to
provide dedicated indications, such as warning lights or
gauges, or dynamic to provide programmable informa-
tion, including programmable display devices such as
monitors of various sizes and capabilities. Display de-
vices can provide diagnostic information, troubleshoot-
ing information, instructional information, and various
other types of information that assists an operator with
operation of the power machine or an implement coupled
to the power machine. Other information that may be
useful for an operator can also be provided. Other power
machines, such as walk behind loaders may not have a
cab nor an operator compartment, nor a seat. The op-
erator position on such loaders is generally defined re-
lative to a position where an operator is best suited to
manipulate operator input devices.

[0056] Various power machines that can include an-
d/or interact with the embodiments discussed below can
have various different frame components that support
various work elements. The elements of frame 210 dis-
cussed herein are provided for illustrative purposes and
should not be considered to be the only type of frame that
a power machine on which the embodiments can be
practiced can employ. As mentioned above, loader 200
is an articulated loader and as such has two frame
members that are pivotally coupled together at an articu-
lation joint. For the purposes of this document, frame 210
refers to the entire frame of the loader. Frame 210 of
loader 200 includes a front frame member 212 and arear
frame member 214. The front and rear frame members
212,214 are coupled together at an articulation joint 216.
Actuators (not shown) are provided to rotate the frontand
rear frame members 212, 214 relative to each other about
an axis 217 to accomplish a turn.

[0057] The front frame member 212 supports and is
operably coupled to the lift arm 230 at joint 216. A lift arm
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cylinder (not shown, positioned beneath the lift arm 230)
is coupled to the front frame member 212 and the lift arm
230 and is operable to raise and lower the lift arm under
power. The front frame member 212 also supports front
wheels 242A, 242B. Front wheels 242A, 242B are
mounted to rigid axles (the axles do not pivot with respect
to the front frame member 212). The cab 250 is also
supported by the front frame member 212 so that when
the frontframe member 212 articulates with respect to the
rear frame member 214, the cab 250 moves with the front
frame member 212 so that it will swing out to either side
relative to the rear frame member 214, depending on
which way the loader 200 is being steered.

[0058] The rear frame member 214 supports various
components of the power system 220 including an inter-
nal combustion engine. In addition, one or more hydraulic
pumps are coupled to the engine and supported by the
rear frame member 214. The hydraulic pumps are part of
a power conversion system to convert power from the
engine into a form that can be used by actuators (such as
cylinders and drive motors) on the loader 200. Power
system 220 is discussed in more detail below. In addition,
rear wheels 244A, 244B are mounted to rigid axles that
are in turn mounted to the rear frame member 214. When
the loader 200 is pointed in a straight direction (i.e., the
front frame portion 212 is aligned with the rear frame
portion 214) a portion of the cab is positioned over the
rear frame portion 214.

[0059] The lift arm assembly 230 shown in FIGs. 2 and
3 is one example of many different types of lift arm
assemblies that can be attached to a power machine
such as loader 200 or other power machines on which
embodiments of the present discussion can be practiced.
The lift arm assembly 230 is a radial lift arm assembly, in
that the lift arm is mounted to the frame 210 at one end of
the lift arm assembly and pivots about the mounting joint
216 asitis raised and lowered. The liftarm assembly 230
is also a telescoping lift arm. The lift arm assembly
includes a boom 232 that is pivotally mounted to the front
frame member 212 at joint 216. A telescoping member
234 is slidably inserted into the boom 232 and a tele-
scoping cylinder (not shown) is coupled to the boom, and
the telescoping member and is operable to extend and
retract the telescoping member under power. The tele-
scoping member 234 is shown in FIGs. 2 and 3 in a fully
retracted position. The implementinterface 270 including
implement carrier 272 and power couplers 274 are oper-
ably coupled to the telescoping member 234. An imple-
ment carrier mounting structure 276 is mounted to the
telescoping member. The implement carrier 272 and the
power couplers 274 are mounted to the positioning struc-
ture. A tilt cylinder 278 is pivotally mounted to both the
implement carrier mounting structure 276 and the imple-
ment carrier 272 and is operable to rotate the implement
carrier with respect to the implement carrier mounting
structure under power. Among the operator controls 260
in the operator compartment 255 are operator controls to
allow an operator to control the lift, telescoping, and filt
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functions of the lift arm assembly 230.

[0060] Other lift arm assemblies can have different
geometries and can be coupled to the frame of a loader
in various ways to provide lift paths that differ from the
radial path of lift arm assembly 230. For example, some
lift paths on other loaders provide a radial lift path. Others
have multiple lift arms coupled together to operate as allift
arm assembly. Still other liftarm assemblies donothave a
telescoping member. Others have multiple segments.
Unless specifically stated otherwise, none of the inven-
tive concepts set forth in this discussion are limited by the
type or number of liftarm assemblies that are coupled to a
particular power machine.

[0061] FIG. 4 illustrates power system 220 in more
detail. Broadly speaking, power system 220 includes
one or more power sources 222 that can generate and/or
store power for operating various machine functions. On
loader 200, the power system 220 includes an internal
combustion engine. Other power machines can include
electric generators, rechargeable batteries, various other
power sources or any combination of power sources that
can provide power for given power machine components.
The power system 220 also includes a power conversion
system 224, which is operably coupled to the power
source 222. Power conversion system 224 is, in turn,
coupled to one or more actuators 226, which can perform
a function on the power machine. Power conversion
systems in various power machines can include various
components, including mechanical transmissions, hy-
draulic systems, and the like. The power conversion
system 224 of power machine 200 includes a hydrostatic
drive pump 224A, which provides a power signal to drive
motors 226A, 226B, 226C and 226D. The four drive
motors 226A, 226B, 226C and 226D in turn are each
operably coupled to four axles, 228A, 228B, 228C and
228D, respectively. Although not shown, the four axles
are coupled to the wheels 242A, 242B, 244A, and 244B,
respectively. The hydrostatic drive pump 224A can be
mechanically, hydraulically, and/or electrically coupled to
operator input devices to receive actuation signals for
controlling the drive pump. The power conversion system
also includes an implement pump 224B, which is also
driven by the power source 222. The implement pump
224B is configured to provide pressurized flow to a work
actuator circuit 238. Work actuator circuit 238 is in com-
munication with work actuator 239. Work actuator 239 is
representative of a plurality of actuators, including the lift
cylinder, tilt cylinder, telescoping cylinder, and the like.
The work actuator circuit 238 can include valves and
other devices to selectively provide pressurized hydraulic
fluid to the various work actuators represented by block
239inFIG. 4. In addition, the work actuator circuit 238 can
be configured to provide pressurized hydraulic fluid to
work actuators on an attached implement.

[0062] The description of power machine 100 and
loader 200 above is provided for illustrative purposes,
to provide illustrative environments on which the embo-
diments discussed below can be practiced. While the
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embodiments discussed can be practiced on a power
machine such as is generally described by the power
machine 100 shown in the block diagram of FIG. 1 and
more particularly on a loader such as track loader 200,
unless otherwise noted or recited, the concepts dis-
cussed below are not intended to be limited in their
application to the environments specifically described
above.

[0063] FIG.5showsaliftarmassembly 300 forapower
machine (e.g., the loader 200) on which embodiments of
the disclosure can be advantageously practiced. The lift
arm assembly 300 includes a lift arm structure that is
configured to be attached to a main frame of a power
machine (e.g., the frame 210 of the loader 200, or aframe
324 as shown in FIG. 7) at a pivotal coupling 304, about
which the lift arm assembly 300 can pivot relative to the
frame. An implement carrier 306 is pivotally secured to
the lift arm assembly 300 at a pivotal coupling 310 (see
FIG. 6) and can support a bucket (not shown) or other
implement for various work operations. In the illustrated
embodiment, the lift arm assembly 300 includes a tele-
scoping lift arm structure 314, with an extendable lift arm
portion 316, that can be extended or retracted relative toa
main lift arm portion 318 (e.g., under power of a linear
actuator, such as, forexample, an extension cylinder (not
shown)), although other extendable and non-extendable
lift arm structures are possible.

[0064] The lift arm assembly 300 also includes a hy-
draulic leveling system, to provide automatic leveling for
a bucket or other implement that is attached to the im-
plement carrier 306. In particular, and as further detailed
below, a lift cylinder 330 is configured to extend and
retract between the main lift arm portion 318 and the
main frame of the power machine, and is configured for
powered operation based on operator input to raise or
extend and lower or retract the lift arm assembly 300. A
follower cylinder 352 also extends between the main lift
arm portion 318 and the main frame, so as to be directly
mechanically synchronized with the lift cylinder 330, but
is generally not configured for powered operation to raise
or lower the lift arm assembly 300.

[0065] Continuing, a leveling link 380 is pivotally se-
cured at a first end to the extendable lift arm portion 316,
and pivotally secured at a second end to a leveling
cylinder 374 and a tilt cylinder 376. Opposite the leveling
link 380, the tilt cylinder 376 is pivotally secured to the
implement carrier 306 and is configured for powered
operation based on operator input to change an attitude
of the implement carrier 306 relative to the extendable lift
arm portion 316. In contrast, the leveling cylinder 374 is
pivotally secured opposite the leveling link 380 to the
extendable lift arm portion 316, so that extension or
retraction of the leveling cylinder 374 can pivot the level-
ing link relative to the extendable lift arm portion 316 (and
the main lift arm portion 318), and maintaining a fixed
stroke position of the leveling cylinder 374 can maintain a
fixed angular orientation of the leveling link 380 relative to
the extendable lift arm portion 316 (e.g., so the leveling
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cylinder 374, the extendable lift arm portion 316, and the
leveling link 380 can collectively define a fixed structure
relative to which other components can pivot).

[0066] To provide for automatic leveling of the imple-
ment carrier 306, the leveling cylinder 374 is inversely
hydraulically synchronized with the follower cylinder 352,
so that an extension/retraction of the follower cylinder
352 causes a retraction/extension of the leveling cylinder
374. As noted above, the follower cylinder 352 is also
mechanically synchronized with the lift cylinder 330.
Thus, as the main lift arm portion 318 is raised (or low-
ered) under commanded operation of the lift cylinder 330,
hydraulic flow between the follower cylinder 352 and the
leveling cylinder 374 can cause the leveling cylinder 374
to retract (or extend). This movement of the leveling
cylinder 374 can cause the leveling link 380 to pivot
forward (or backward) relative to the extendable lift
arm portion 316, which in turn can cause a corresponding
forward (or backward) rotation of the implement carrier
306 (for any given fixed stroke position of the tilt cylinder
376). Accordingly, synchronized operation of the lift cy-
linder 330, the follower cylinder 352, and the leveling
cylinder 374, in combination with the relative structural
arrangement of the leveling link 380, the tilt cylinder 376,
and the implement carrier 306, can at least partially
counteract unwanted tilting of the implement carrier
306 due to raising or lowering of the lift arm assembly
300 as a whole.

[0067] Furtherin this regard, in the illustrated embodi-
ment, the lift arm assembly 300 automatically controls tilt
of the implement carrier 306 via two opposed bell crank
arrangements that interoperate to allow active tilt control
and passive tilt correction. A first bell crank arrangement
is generally formed by the extendable lift arm portion 316,
the leveling link 380, and the leveling cylinder 374. In
particular, the extendable lift arm portion 316 provides a
first (relatively) fixed pivot point for the leveling cylinder
and a second (relatively) fixed pivot point for the leveling
link 380. The leveling link 380 can thus be pivoted as a
bell crank about the extendable lift arm portion 316 by
extension or retraction of the leveling cylinder 374. A
second bell crank arrangement is generally formed by
the extendable lift arm portion 316, the leveling link 380,
the leveling cylinder 374, the implement carrier 306, and
the tilt cylinder 376. In particular, the extendable lift arm
portion 316, the leveling link 380, and the leveling cylinder
374 (for a given stroke length of the leveling cylinder 374)
collectively provide a first (relatively) fixed pivot point for
the tilt cylinder 376 and a second (relatively) fixed pivot
point for the implement carrier 306. At a different location
than the leveling link 380, the implement carrier 306 can
thus be pivoted as a bell crank about the extendable lift
arm portion 316 by extension or retraction of the tilt
cylinder 376, which the tilt cylinder 376 can be moved,
in bulk, by pivoting of the first bell crank arrangement (i.e.,
by pivoting of the leveling link 380). Thus, more generally,
a bell crank member that is pivotable within a reference
frame of a first bell crank arrangement (e.g., the leveling
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link 380) can sometimes provide an attachment point for
an actuator of a second bell crank arrangement (e.g., the
tilt cylinder 376), while also sharing a common reference
frame for pivoting movement (i.e., as provided by the rigid
extendable lift arm portion 316) with a bell crank member
of the second bell crank arrangement (e.g., the imple-
ment carrier 306).

[0068] As also discussed above, a hydraulic leveling
circuit can be configured to provide hydraulic synchroni-
zation for adjustments to the attitude of an implement. In
this regard, FIG. 5A illustrates certain aspects of a hy-
draulic leveling circuit 302 for self-leveling systems, ac-
cording to some examples of the disclosure. The leveling
circuit 302 is discussed below and is illustrated as an
example hydraulic circuit for use with lift arm assembly
300 of FIG. 5, but can also be used with a variety of other
lift arm assemblies, including non-telescoping lift arm
assemblies.

[0069] Intheillustrated example, the hydraulic leveling
circuit 302 is an isolated circuit with two non-powered
cylinders (i.e., the follower and leveling cylinders 352,
374)thatare hydraulically synchronized by the circuit 302
(i.e., inversely, in the illustrated configuration). In parti-
cular, a first hydraulic conduit 308A (e.g., a hose or tube)
fluidly connects a first or base end of the follower cylinder
352 and a first or base end of the leveling cylinder 374,
and a second hydraulic conduit 308B (e.g., a hose or a
tube) fluidly connects a second or rod end of the follower
cylinder 352 and a second or rod end of the leveling
cylinder 374. Thus, the follower and leveling cylinders
352, 374 and the first and second conduits 308A, 308B
formaclosed, isolated hydraulic circuit, and extension (or
retraction) of the follower cylinder 352 causes flow
through the conduits 308A, 308B to drive retraction (or
extension) of the leveling cylinder 374.

[0070] As illustrated in FIG. 5A, the hydraulic circuit
302 defines a closed volume, without inlets or outlets. In
some examples, including as further discussed below,
other hydraulic components can be included. For exam-
ple, various combinations of pressure relief valves, check
valves, or inlets from a charge pump (or other circuit
component) can be included in some cases.

[0071] Also as illustrated in FIG. 5A, different cylinders
in a leveling arrangement can exhibit different stroke
length and displacement. Further, relative magnitudes
of stroke length and displacement for different cylinders
can be particularly selected in some cases to provide
improved system response. For example, in the lift arm
assembly 300 (see also FIG. 5), the lift cylinder 330 has a
relatively large displacement, butis arranged structurally,
in combination, with the smaller-displacement follower
cylinder 352, so that the lift and follower cylinders 330,
352 have a similar stroke length. Thus, power from the lift
cylinder 330 may be minimally drained by the follower
cylinder 352, due to the need to move a relatively small
amount of hydraulicfluid in and out of the follower cylinder
352 over afull stroke. Further, although displacements of
the follower and leveling cylinders 352, 374 are the same,
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as corresponds to the constant-volume configuration of
the circuit 302, the leveling cylinder 374 exhibits a shorter
stroke length than the follower cylinder 352. In some
cases, this arrangement may provide a particularly
well-tuned response for a desired magnitude, range, or
rate profile of tilt correction for a given movement of the lift
cylinder 330 (and of the liftarm assembly 300 as awhole).
[0072] Inthe example of FIGs. 5and 5A, and as further
discussed below, a particular orientation of the base and
rod ends of each of the lift, follower, leveling and tilt
cylinders 330, 352, 374, 376 is provided, including rela-
tive to the direction in which a line of action from the base
end to the rod end extends. In some cases, the illustrated
configuration can provide particularly useful perfor-
mance during filling, purging, and other operations. How-
ever, an orientation of one or more of the lift, follower,
leveling, and tilt cylinders 330, 352, 374, 376 can be
reversed in some examples.

[0073] In some examples, particularly beneficial tilt
control can also be provided by particular arrangements
of pivot axes, at which various cylinders or structural
members are pivotally secured, as well as by other
variations, including in cylinder properties (e.g., as dis-
cussed above), and structural lengths and angles (such
as, e.g., lengths or angles of linkage). In this regard, for
example, some examples can provide particularly favor-
able arrangements for operation with extendable lift arm
assembilies.

[0074] Turning to FIG. 6, for example, the lift arm
structure 314 is illustrated in isolation. As mentioned
above, the lift arm structure 314 includes the main lift
arm portion 318 and the extendable lift arm portion 316,
which is configured to extend or retract relative to the
main lift arm portion 318. In a fully-retracted position, for
example, as shown in FIG. 6, the lift arm structure 314
defines a retracted length L1, which is greater than a
length Lm of the main lift arm portion 318. Further, in the
present embodiment, the extendable lift arm portion 316
has a length Le that is dimensioned so that, in the fully
retracted position, a portion of the extendable lift arm
portion 316 extends beyond the main lift arm portion 318.
The portion of the extendable lift arm portion 316 that
extends beyond the main lift arm portion 318 has alength
L2, which may be less than the length Lm in some
examples. Furthermore, the lift arm structure 314 gen-
erally defines an elongate direction (e.g., also a line of
action), which is illustrated in FIG. 6 as an axis 322 that
extends through the first pivotal coupling 304 and the
second pivotal coupling 310.

[0075] With this arrangement (or others, as applic-
able), it may be beneficial to locate pivot axes for parti-
cular cylinders toward the distal end of lift arm, with one or
more particular relative orientations of a pivot axis for one
or more of a leveling link, one or more of a leveling
cylinder, or an implement carrier. Referring also to FIG.
7, the lift arm structure 314 is pivotally secured to the
frame 324 of a power machine 326 at the pivotal coupling
304, e.g., by a pinned connection. The implement carrier
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306 is coupled to the lift arm structure 314 at the pivotal
coupling 310, at the distal end of the extendable lift arm
portion 316. The lift cylinder 330 is pivotally secured to the
frame 324 at a pivotal coupling 334 and to the lift arm
structure 314 at a pivotal coupling 336. Thus, inresponse
to operator commands, extension of the lift cylinder 330
can thus cause the liftarm structure 314 to pivotrelative to
the frame 324 about the coupling 304.

[0076] Continuing, the follower cylinder 352 is pivotally
secured to the frame 324 at a pivotal coupling 356. In the
embodiment illustrated, the pivotal couplings 334, 356
support both the lift cylinder 330 and the follower cylinder
352 for pivoting about different axes relative to the frame
324. Similarly, the pivotal couplings 336, 358 support
both the lift cylinder 330 and the follower cylinder 352
for pivoting about different axes relative to the main lift
arm portion 318. However, in some examples, a follower
cylinder and a lift cylinder may be configured to pivot
about a common pivot axis (e.g., by being secured with a
common pivotal coupling).

[0077] As another benefit of the illustrated arrange-
ment, the relative positioning of the pivotal couplings
334, 356 on the main frame 324 and of the pivotal
couplings 336, 358 on the main lift arm portion 318 can
beneficially provide a relatively short stroke for the fol-
lower cylinder 352 as compared to the lift cylinder 330.
This configuration may provide forimproved sizing for the
leveling cylinder 374, among other benefits. However, in
some embodiments, other spatial arrangements are pos-
sible.

[0078] In different examples, different orientations of
pivot axes for ends of various cylinders can be particularly
beneficial. Still referring to FIGs. 6 and 7, for example, the
lift cylinder 330 and the follower cylinder 352 are each
arranged to extend from the frame 324 to the lift arm
structure 314 so thata base end 362 of the lift cylinder 330
is attached to the frame 324 at the coupling 334, and arod
end 364 of the lift cylinder 330 is attached to the lift arm
structure 314 at the coupling 336. Similarly, in the illu-
strated embodiment, a base end 368 of the follower
cylinder 352 is attached to the frame 324 at the coupling
356, and a rod end 370 of the follower cylinder 352 is
attached to the lift arm structure 314 at the coupling 358.
Further, to provide optimized tilt control via interoperation
of the various cylinders and links, the pivotal coupling 356
at the main frame 324 is above and behind the pivotal
coupling 334. Similarly, the pivotal coupling 358 at the lift
arm structure 314 is above and behind the pivotal cou-
pling 336 with the lift arm structure 314 fully-lowered, and
is configured to remain behind the pivotal coupling 336
over an entire operational range of motion of the lift arm
structure 314 (see, e.g., FIG. 11). (An operational range
indicates a range of movement between a fully lowered
and fully raised orientation for a given lift arm structure
under rated operating conditions, as may generally cor-
respond to fully extended and fully retracted position of a
lift cylinder or to mechanical stops on a main frame that
prevent further movement of a lift arm structure in a
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particular direction.)

[0079] However, other configurations are possible. For
example, as generally noted above, a rod end of a lift
actuator can be attached to aframe, and abase end of the
lift actuator can be attached to a lift arm. For example, in
some examples, a follower actuator can be arranged so
thatits rod end is attached to a frame, and its base end is
attached to a liftarm. Also in the illustrated arrangement,
the lift cylinder 330 and the follower cylinder 352 are
substantially geometrically parallel (i.e., parallel to within
+ 5 degrees), with the lift arm structure 314 fully lowered
and may remain substantially geometrically parallel over
a full range of motion of the lift arm structure 314 (see,
e.g., FIG. 11). However, the lift and follower cylinders 330,
352 may be angled differently relative to each other in
other arrangements. Further, the angle defined between
the lift cylinder 330 and the follower cylinder 352 may
changeinvarious ways as the lift cylinder 330 is actuated.
[0080] Afirstend 384 ofthe leveling link 380 is pivotally
secured to the extendable lift arm portion 316 of the lift
arm structure 314 at a first pivotal link coupling 386 and
provided to operatively couple ends of the leveling cylin-
der 374 and the tilt cylinder 376 to the extendable lift arm
portion 316. Particularly, a second end 388 of the leveling
link 380 is pivotally secured to a first end 390 of the
leveling cylinder 374 and to a first end 392 of the tilt
cylinder 376, at a pivotal coupling 394, opposite the
second end 428. Accordingly, the leveling link 380 de-
fines a leveling link axis 398, which extends through the
first link coupling 386 and the second link coupling 394.
[0081] Asalsogenerally noted above, although the first
ends 390, 392 are base ends of the leveling and tilt
cylinders 374, 376, other configurations are possible.
For example, in some examples, rod ends of a leveling
cylinder and/or aftilt cylinder may be pivotally secured to a
leveling link. Further, although a common pivot axis for
the leveling and tilt cylinders 374, 376 at the leveling link
380 can provide a beneficial balance between the typi-
cally opposed forces applied by the leveling and tilt
cylinders 374, 376 other configurations are also possible.
[0082] In this regard, some examples can include a
torque tube or other similar structural member for a
leveling link, including as can help to counteract torsional
moments that are caused by offsets between the leveling
and tilt cylinders 374, 376, respectively. For example, in
the illustrated example, although the leveling and tilt
cylinders 374, 376 are pivotally secured to the leveling
link 380 along a common axis, the leveling and tilt cylin-
ders 374, 376 are laterally offset relative to each other
(i.e., in a direction extending into the page of FIG. 7) and
thus can create a torsional moment on the leveling link
380 during operation. Correspondingly, a torque tube 381
(see FIG. 5) extends between the opposed side plates
that form the leveling link 380, in relatively close proximity
to the pivoting axis of the leveling and tilt cylinders 374,
376 (e.g., behind and below the leveling and tilt cylinders
374, 376 but above the main and extendable lift arm
portions 318, 316). Thus, despite the torsional moment
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that can result from loading of the leveling and tilt cylin-
ders 374, 376, the torque tube 381 can prevent the side
plates of the leveling link 380 from rotating independently
of each other.

[0083] As noted above, it may be beneficial to locate a
torque tube behind and below a pivot axis for leveling and
link cylinders on a leveling link, with the torque tube above
main/extendable lift arm portions. However, other useful
configurations are also possible. In some examples, a
torque tube can be disposed along a line of action of a
leveling link or relevant cylinder. In some examples, a
torque tube can be located opposite a leveling or tilt
cylinder from a lift arm (e.g., above the leveling and filt
cylinders 374, 376 in FIG. 7, but with a different shaped
leveling link in place of leveling link 380). In some ex-
amples, atorque tube can be coaxial with a pivot axis fora
leveling link and a relevant (e.g., tilt or leveling) cylinder.
Further, although a circular, closed torque tube 381 is
shown in FIG. 7, a variety of other shapes can be used,
including other round, rectangular (e.g., square), open, or
closed profiles.

[0084] Still referring to FIGs. 6 and 7, the leveling
cylinder 374 extends from the second end 388 of the
leveling link 380 to the extendable lift arm portion 316,
with a second end 402 of the leveling cylinder 374 pivo-
tally secured to the extendable lift arm portion 316 at a
pivotal coupling 406. In some examples, unexpected
balances between kinematic considerations can provide
particularly beneficial overall performance of a self-level-
ing assembly. For example, in the illustrated embodi-
ment, the first end 384 of the leveling link 380 is coupled
to the extendable lift arm portion 316 on a first or lower
side 404 of the extendable lift arm portion 316 at the first
link coupling 386, whereas the second end 402 of the
leveling cylinder 374 is pivotally secured to the extend-
able lift arm portion 316 at the coupling 406, which is
disposed on asecond or upper side 408 of the extendable
lift arm portion 316 that generally opposes the lower side
404. In some cases, although kinematic considerations
may suggest a higher orientation for the coupling 386 and
a lower orientation for the coupling 406, the illustrated
arrangement may provide a particularly useful balance of
forces and coordination of relative movement of (and
spacing between components of) the lift arm assembly
300, including the implement carrier 306 and an attached
implement 420.

[0085] Referring in particular to FIG. 6, similar benefits
can also be obtained from the illustrated placement of the
pivotal couplings 350, 386, 406 along the length L2 of the
extendable lift arm portion 316, with the pivotal couplings
386, 406 for the leveling link 380 (see FIG. 5) and the
leveling cylinder 374 (see FIG. 5) between the pivotal
coupling 310 for the implement carrier 306 (see FIG. 5)
and the main lift arm portion 318. However, other con-
figurations are possible. Forexample, in some examples,
aleveling link and a level actuator may be coupled to a lift
arm structure on a common side of a lift arm structure, or
with other locations relative to each other or other lift arm
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features.

[0086] Referring again to FIG. 7, as also discussed
above, the leveling cylinder 374 is hydraulically synchro-
nized with the follower cylinder 352, via the first and
second hydraulic conduits 308A, 308B, so that exten-
sion/retraction of the follower cylinder 352 results in
retraction/extension of the leveling cylinder 374. Further,
due to the mechanically synchronized configuration of
the lift cylinder 330 and the follower cylinder 352, exten-
sion/retraction of the lift cylinder 330 can cause, via
movement of the follower cylinder 352, retraction/exten-
sion of the leveling cylinder 374. Thus, extension of the lift
cylinder 330 to raise the lift arm structure 314 can cause
the leveling link 380, via the resulting retraction of the
leveling cylinder 374 (e.g., arod end 386), to pivot clock-
wise. Further, at any given stroke position, the tilt cylinder
376 serves as a structural link between the leveling link
380 and the implement carrier 306, because the tilt
cylinder 376 is pivotally secured to the leveling link 380
at the coupling 394 and to the implement carrier 306 at
pivotal coupling 418. Accordingly, clockwise rotation (i.e.,
as illustrated, forward rotation) of the leveling link 380 as
the lift arm structure 314 is raised can cause the imple-
ment carrier 306 to also pivot clockwise, via bulk move-
ment of the tilt cylinder 376 by the leveling link 380.
Likewise, retraction of the lift cylinder 330 to lower the
liftarm structure 314 can cause the implement carrier 306
to pivot counterclockwise, via bulk movement of the tilt
cylinder 376 by the leveling link 380. Further, for any
given orientation of the leveling link 380 and the imple-
ment carrier 306 can still be actively tilted in either direc-
tion by an operator-commanded extension or retraction
of the tilt cylinder 376.

[0087] Although the illustrated pivoting arrangements
may be beneficial in some cases, some examples can
include other known types of cylinder mounting arrange-
ments. For example, tilt (or other) cylinders in some
examples may be trunnion mounted using any variety
of known trunnion configurations, as may provide packa-
ging (or other) benefits. In some cases, trunnion-
mounted arrangements can reduce a dead length for a
tilt (or other) cylinder, including to negative values.
[0088] In some examples, the particular arrangement
of pivot axes and linkages illustrated in FIGs. 5-7 can
provide substantially improved leveling as compared to
conventional approaches. In this regard, for example,
FIGs. 8 and 9 illustrate the lift arm assembly 300 at
different stages along a lift travel path (i.e., at different
positions as the lift cylinder 330 is actuated). For exam-
ple, FIG. 8 illustrates the lift arm assembly 300 in a
lowered position, with the implement 420 in a full rollback
position, so that a reference wall 434 of the implement
420 (e.g., a blade wall of a bucket, as shown) forms an
angle o with a reference surface 436 (e.g., a cutting edge
angle relative to ground, as shown). FIG. 9 illustrates the
lift arm assembly 300 in a partially raised position, as
compared to the position of FIG. 8, with the implement
420 in the full rollback position. Due to automatic leveling
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provided by the lift arm assembly 300, as also detailed
above, the implement carrier 306 maintains a similar
alignment relative to the frame 324 and to the ground
surface 436 during travel between the positions of FIG. 8
and FIG. 9. For example, in some examples, the angle o
may change by only about 30 degrees as the lift arm
assembly 300 moves while the tilt cylinder 376 remains
fully retracted. In the illustrated embodiment, the relative
configuration of pivot axes and structural lengths may
beneficially provide reduced change in the angle o.overa
lift range that is closer to a fully lowered configuration, as
compared to over a lift range that is closer to a fully raised
configuration. However, in other examples, other rates of
changein arelevantangle during lifting operations can be
provided.

[0089] FIGs. 10 and 11 illustrate the lift arm assembly
300 at different stages along a lift path (e.g., a radial lift
path, as shown), with the implement carrier 306 support-
ing the implement 420 in a back-dragging orientation. In
particular, FIG. 10illustrates the liftarm assembly 300ina
partially lowered position with the tilt cylinder 376 in a fully
extended position. Thus, the implement carrier 306 has
been pivoted clockwise so that the reference wall 434 of
the implement 420 forms an angle B with the reference
surface 436. FIG. 11 illustrates the lift arm assembly 300
in a raised position, as compared to the position of FIG.
10. Again, due to automatic leveling provided by the lift
arm assembly 300, as also detailed above, the imple-
ment carrier 306 maintains a substantially steady align-
ment relative to the frame 324 and to the ground surface
436 during travel along the lift path between the positions
of FIG. 10 and FIG. 11.

[0090] In some examples, beneficial leveling control
may be provided if a leveling link generally angles away
from a distal end of a lift arm. Still referring to FIGs. 7-11,
for example, the leveling link 380 can be configured as an
elongate member that angles generally rearwardly along
a line of action that extends between opposite pivotally
secured ends thereof, although other configurations are
possible (such as, e.g., configurations with J-shaped or
other bends (not shown)). Generally, however, an elon-
gate direction can be defined for a leveling link between
opposing pivotal couplings for the link (such as, e.g., ata
lift arm and at one or more of a leveling cylinder or a tilt
cylinder), and the elongate direction can generally be
configured to extend, from a coupling at a lift arm, away
from an associated implement carrier. In this regard, as
also noted above, the leveling link 380 defines the link
axis 398, which extends through the couplings 310, 418,
and generally obliquely relative to a tilt offset axis 438 that
extends between couplings 310, 406. Further, as gen-
erally shown in FIGs. 7-11, although the link axis 398
pivots generally toward the implement carrier 306 during
a lifting operation, an acute angle relative to the lift arm
axis 322 is maintained over a full range of movement for
the lift arm assembly 300. (In contrast, for example, the
axis 438 may sometimes extend at acute angle relative to
the lift arm axis 322, including as shown in FIGs. 7-9 and
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may sometimes extend at an oblique angle relative to the
lift arm axis 322, including as shown in FIGs. 10 and 11.)
Along with improved tilt control and force distribution, this
angularly constrained operation of the leveling link 380
can provide improved visibility for operators over arange
of lift arm movements.

[0091] From another perspective, certain arrange-
ments of a hydraulic leveling system can provide other
beneficial movements. For example, as shown in FIGs. 8
and 9 in particular, the leveling link axis 398 forms a first
angle 444 with the liftarm axis 322, and the reference wall
434 (e.g., the cutting edge) of the implement 420 forms a
second angle 446 with the lift arm axis 322. In some
cases, including as illustrated, the first angle 446 may
increase during one or more lift arm operations (e.g., as
generally illustrated in FIGs. 8-11) but may remain in a
range that is between about one-third or a half of the
second angle 446.

[0092] Asgenerallydiscussed above, during operation
of a leveling cylinder and a follower cylinder, hydraulic
communication may be maintained between respective
corresponding ends of the leveling and following cylin-
ders in order to effect appropriately synchronized exten-
sion/retraction and to help maintain synchronization be-
tween the leveling and following cylinders when the
leveling and following cylinders are not being extended
or retracted. Accordingly, hydraulic circuits for leveling
cylinders and follower cylinders can include hydraulic
flow lines that connect the leveling and following cylin-
ders together for hydraulically synchronized movement
(see, e.g., lines 308A, 308B in FIG. 7). However, certain
operating conditions, including uneven loading on the
leveling and following cylinders, can sometimes resultin
loss of synchronization (e.g., with one cylinder reaching
end of stroke before the other cylinder). Thus, discussed
in greater detail below, some examples of the disclosure
can include appropriately configured flow-control de-
vices (such as, e.g., pressure relief or check valves), to
selectively release (or add) fluid from (or to) the hydraulic
circuit, and thereby allow proper synchronization and
other operations of the leveling and following cylinders.
[0093] FIG. 12 shows an example hydraulic circuit 500
according to some examples of the disclosure, as can be
implemented on power machines such as the type illu-
strated in FIG. 1, including articulated loaders such as the
type illustrated in FIG. 2. The circuit 500 is one particular
example of part of a work actuator circuit of the type
illustrated in FIG. 4 and is a particular variation of the
isolated hydraulic leveling circuit 302 of FIG. 5A. The
hydraulic circuit 500 can provide appropriate control of
hydraulic flow for self-leveling systems, including sys-
tems similar to those illustrated in FIGs. 5-11 and others.
Correspondingly, in some cases, the hydraulic circuit 500
can be used with the liftarm assembly 300 as illustratedin
FIGs. 5-11 or other relevant lift arm assemblies.

[0094] In the hydraulic circuit 500, a follower cylinder
502 and a leveling cylinder 504 are hydraulically con-
nected by a first flow line 508 and a second flow line 510.
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More specifically, the first flow line 508 directly connects a
first or base end 514 of the follower cylinder 502 to a first
or base end 516 of the leveling cylinder 504, and the
second flow line 510 directly connects a second or rod
end 520 of the follower cylinder 502 to a second or rod
end 522 of the leveling cylinder 504, without intervening
(e.g., powered) equipment. Thus, the first flow line 508
and the second flow line 510 can allow fluid to flow
between the follower cylinder 502 and the leveling cylin-
der 504 as the cylinders 502, 504 extend or retract.
[0095] Generally, some hydraulic circuits according to
this disclosure can include features that can help to
remedy unwanted desynchronization of cylinders. For
example, in the illustrated embodiment, the hydraulic
circuit 500 is in communication with a charge pump
526, which can provide pressurized hydraulic fluid from
a tank 528 to the base ends 514, 516 and the rod ends
520, 522 of the follower and leveling cylinders 502, 504
(such as, e.g., via a third flow line 532 and a fourth flow
line 534, respectively). Further, the hydraulic circuit 500
includes a charge relief valve 538 proximate the charge
pump 526 that can determine a delivery pressure of
charge fluid from the charge pump 526 to the hydraulic
circuit 500, and a purge relief valve 552 that can set a
particular maximum pressure for the circuit 500. Gener-
ally, the charge and purge relief valves 538, 552 can be
configured as any variety of known types of pressure
relief valves or valve assemblies. As also noted above,
other flow sources (e.g., accumulators) can sometimes
be used in place of (or in cooperation with) a charge
pump, to provide flow into one or more hydraulic leveling
circuits according to the disclosure.

[0096] Continuing, the third flow line 532 further in-
cludes a first base check valve 540, which is configured
such that flow from the charge pump 526 at sufficient
pressure can flow through the first base check valve 540
into the hydraulic circuit 500, whereas flow in the reverse
direction (i.e., from the base ends 514, 516 out of the
hydraulic circuit 500 at the check valve 540) is generally
prevented. Similarly, the fourth line 534 furtherincludes a
first rod check valve 542, which is configured such that
flow from the charge pump 526 at sufficient pressure can
flow through the first rod check valve 542 into the hy-
draulic circuit 500, whereas flow in the reverse direction is
generally prevented.

[0097] Thus, makeup fluid for the hydraulic circuit 500
can be provided by the charge pump 526 (such as, e.g., to
help remedy a loss of synchronization between the fol-
lower and leveling cylinders 502, 504) without the charge
pump 526 causing either of the follower and leveling
cylinders 502, 504 to extend or retract. Further, when
pressure at the follower and leveling cylinders 502, 504
exceeds a pressure limit, hydraulic fluid can be released
via the purge relief valve 552. Correspondingly, for ex-
ample, if certain operations result in desynchronization of
the movement of the follower and leveling cylinders 502,
504, simply extending or retracting follower cylinder 502
to the end of stroke by raising or lowering the lift arm can
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re-synchronize the leveling cylinder 504 with the follower
cylinder 502 for continued operation. For example, as the
one lagging cylinder of the follower and leveling cylinders
502, 504 is moved toward its end of stroke, any excess
hydraulic fluid on the rod end 520, 522 (or the base end
514,516) of the cylinders 502, 504 can be released to the
tank 528 by the purge relief valve 552, via a fifth flow line
554 (or a sixth flow line 556) and a second base check
valve 560 (or second rod check valve 562). Further, the
charge pump 526 can simultaneously supply any needed
makeup hydraulic fluid to the base end 514, 516 (or the
rod end 520, 522) of the cylinders 502, 504 via the third
flow line 532 (or the fourth flow line 534). Accordingly,
moving both cylinders 502, 504 to end of stroke can
efficiently re-synchronize the cylinders 502, 504, as
needed, for continued synchronized operation thereafter.
During this and other operations, the purge relief valve
552 can also release air that may be trapped in the circuit
500, as needed.

[0098] FIG. 13 shows an example hydraulic circuit 600
according to some examples of the disclosure, as can be
implemented on power machines such as the type illu-
strated in FIG. 1, including articulated loaders such as the
type illustrated in FIG. 2. The circuit 600 is one particular
example of part of a work actuator circuit of the type
illustrated in FIG. 4 and is a particular variation of the
isolated hydraulic leveling circuit 302 of FIG. 5A. The
hydraulic circuit 600 can provide appropriate control of
hydraulic flow for self-leveling systems, including sys-
tems similar to those illustrated in FIGs. 5-11 and others.
Correspondingly, in some cases, the hydraulic circuit 600
can be used with the liftarm assembly 300 as illustrated in
FIGs. 5-11 or other relevant lift arm assembilies.

[0099] The hydraulic circuit 600 is generally similar to
the hydraulic circuit 500, with components that have
similar configurations and purposes being numbered
similarly to FIG. 12, but in the "600s." Thus, for example,
the hydraulic circuit 600 includes a follower cylinder 602,
a leveling cylinder 604, check valves 640, 642, etc. and
can generally operate similarly to the hydraulic circuit 500
to manage pressure at the follower and leveling cylinders
602, 604 and correct desynchronized operation of the
follower and leveling cylinders 602, 604. Similarly, the
hydraulic circuit 600 also includes first flow line 608,
second flow line 610, charge pump 626, tank 628, third
flow line 632, fourth flow line 634, charge relief valve 638,
fifth flow line 654, sixth flow line 656, second base check
valve 660, and second rod check valve 662. In some
aspects, however, the hydraulic circuit 600 differs from
the hydraulic circuit 500. For example, instead of the
single purge relief valve 552 of the hydraulic circuit 500
of FIG. 12, the hydraulic circuit 600 includes a base purge
relief valve 650 that separately sets a maximum pressure
for base ends 614, 616 of the follower and leveling
cylinders 602, 604, and a rod purge relief valve 652 that
sets a maximum pressure for rod ends 620, 622 of the
follower and leveling cylinders 602, 604. This may be
useful, for example, to better accommodate differently
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sized cylinders, as well as other variations.

[0100] FIG. 14 shows another example hydraulic cir-
cuit 700 according to some examples of the disclosure,
as can be implemented on power machines such as the
type illustrated in FIG. 1, including articulated loaders
such asthetypeillustrated in FIG. 2. The circuit 700 is one
particular example of a work actuator circuit of the type
illustrated in FIG. 4 and is a particular variation of the
isolated hydraulic leveling circuit 302 of FIG. 5A. The
hydraulic circuit 700 can provide appropriate control of
hydraulic flow for self-leveling systems, including sys-
tems similar to those illustrated in FIGs. 5-11 and others.
Correspondingly, in some cases, the hydraulic circuit 700
can be used with the liftarm assembly 300 as illustrated in
FIGs. 5-11 or other relevant lift arm assemblies.

[0101] The hydraulic circuit 700 is generally similar to
the hydraulic circuits 500, 600, with components that
have similar configurations and purposes being labeled
similarly to FIG. 12, but in the "700s." Thus, for example,
the hydraulic circuit 700 includes a follower cylinder 702,
a leveling cylinder 704, check valves 740, 742, etc. and
can generally operate similarly to the hydraulic circuit 500
to manage pressure at the follower and leveling cylinders
702, 704 and correct desynchronized operation of the
cylinders 702, 704. Similarly, the hydraulic circuit 700
also includes first flow line 708, second flow line 710,
charge pump 726, third flow line 732, fourth flow line 734,
charge relief valve 738, fifth flow line 754, sixth flow line
756, second base check valve 760, and second rod
check valve 762. In some aspects, however, the hydrau-
lic circuit 700 differs from the hydraulic circuits 500, 600.
For example, the hydraulic circuit 700 includes a drain
valve 750 arranged in parallel with a purge relief valve
752 that sets a maximum pressure for base ends 714,
716 and rod ends 720, 722 of the follower and leveling
cylinders 702, 704. The drain valve 750 is configured to
be manually operated between a closed state and an
open state to selectively and manually release hydraulic
fluid or trapped air from the follower and leveling cylinders
702, 704 to the tank 728. In some examples, a purge
cylinder (not shown) or an air bleed valve (not shown) can
be installed for a similar purpose as the drain valve 750
shown in the hydraulic circuit 700.

[0102] Although the examples above focus on hydrau-
lic systems for self-leveling an implement and providing
synchronized movement of cylinders, some similar ar-
rangements can be used for other purposes. For exam-
ple, similar hydraulic circuits can be used to ensure a
controlled desynchronized movement of cylinders, such
as extension or retraction of one cylinder by a fraction of
orexcess percentage relative to extension or retraction of
another cylinder. In some examples, this controlled de-
synchronized movement can be implemented using hy-
draulic circuits that are similar to those of FIGs. 12-14, but
also (or alternatively) include other hydraulic elements
(such as, e.g., restriction orifices). For example, known
hydraulic components, can be used in some cases to
provide a ratio of flow for synchronized movement and
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can be used in other cases to provide a ratio of flow for
desynchronized movement. Correspondingly, some ex-
amples can include one or more fixed orifices or variable
orifices that can be adjusted to provide desired pressure
drops for particular operating conditions.

[0103] Some discussion above focuses on control and
synchronization of sets of follower and leveling cylinders
(e.g., the follower and leveling cylinders 352, 374 of FIG.
7) for control of single implements orimplement carriers.
In some examples, however, the disclosed hydraulic
circuits, such as the hydraulic circuit 500 of FIG. 12,
can be configured to control multiple implements or ac-
tuators, to form a part of larger hydraulic assembilies, to
control synchronization of other arrangements of actua-
tors, or to otherwise operate in other applications. For
example, variations on the hydraulic circuit 500 can be
configured to control work actuators other than the fol-
lower and tilt cylinders 502, 504 on any variety of power
machines.

[0104] Although the present invention has been de-
scribed with reference to preferred examples, workers
skilled in the art will recognize that changes may be made
in form and detail to the disclosed examples without
departing from the scope of the claims

Claims
1. Alift arm assembly (300) comprising:

aliftarm (314) thatis pivotally securable to a first
end to a main frame (324) of a power machine
(326);

an implement carrier (306) that is pivotally se-
cured to a second end of the lift arm (314);
alift cylinder (330) that is pivotally securable to a
first end to the lift arm (314) and pivotally secur-
able to a second end to the main frame (324), so
that extending or retracting the lift cylinder (330)
raises or lowers the lift arm (314);

a leveling link (380) that is pivotally securable to
a first end to the lift arm (314);

atiltcylinder (376) that is pivotally securable to a
first end to the implement carrier (306) and
pivotally securable to a second end to the level-
ing link (380), so that operation of the tilt cylinder
(376) causes the implement carrier (306) to pivot
relative to the lift arm (314); and

an isolated hydraulic circuit (302) that includes:

a follower cylinder (352) that is pivotally
securable to a first end to the lift arm
(314) and pivotally securable to a second
end to the main frame (324), so that the
follower cylinder (352) is mechanically syn-
chronized with the lift cylinder (330);

a leveling cylinder (374) that is pivotally
securable to a first end to the lift arm
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(314) and pivotally securable to a second
end to the leveling link (374);

a first conduit (308A) providing hydraulic
flow between a base end of the follower
cylinder (352) and a base end of the leveling
cylinder (374); and

a second conduit (308B) providing hydrau-
lic flow between a rod end of the follower
cylinder (352) and a rod end of the leveling
cylinder (374), wherein movement of the
follower and leveling cylinders (352, 374)
is hydraulically synchronized by flow
through the first and second conduits
(308A, 308B).

The lift arm assembly (300) of claim 1, wherein the
leveling cylinder (374) and the tilt cylinder (376) are
pivotally secured to the leveling link (380) along a
common pivot axis.

The lift arm assembly (300) of claim 1, wherein the
isolated hydraulic circuit (302) causes the leveling
cylinder (374) to extend when the follower cylinder
(352) retracts, and to retract when the follower cy-
linder (352) extends.

The lift arm assembly (300) of claim 1, wherein the
leveling link (380), the leveling cylinder (374), and
the implement carrier (306) are pivotally secured to
the second end of the lift arm (314) at two or more
pivot axes; and

wherein, along the liftarm (314), the first end of the lift
cylinder (330) and the firstend of the follower cylinder
(352) are pivotally secured to the lift arm (314) be-
tween the main frame (324) and the two or more pivot
axes at the second end of the lift arm (314).

The lift arm assembly (300) of claim 4, wherein the
first end of the follower cylinder (352) is pivotally
secured to one of:

the lift arm (314) with a common pivot axis with
the first end of the lift cylinder (330); and

the lift arm (314) between the first end of the lift
cylinder (330) and the first end of the lift arm
(314).

The lift arm assembly (300) of claim 1, wherein, with
the lift arm (314) in a fully lowered position, an
elongate direction of the leveling link (380) extends,
from the first end of the leveling link (380) to the
second end of the leveling link (380), away from the
implement carrier (306).

The lift arm assembly (300) of claim 6, wherein, the
hydraulically synchronized movement of the follower
and leveling cylinders (352, 374) causes the second
end of the leveling link (380) to pivot about the first
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end of the leveling link (380) toward the second end
of the liftarm (314) as the liftarm (314) is raised from
the fully lowered position.

The lift arm assembly (300) of claim 7, wherein, over
arange of movementofthe liftarm (314) between the
fully lowered position and a fully raised position, the
elongate direction of the leveling link (380) maintains
an acute angle relative to an elongate direction of the
lift arm (314) that extends between the first and
second ends of the lift arm (314).

The lift arm assembly (300) of claim 8, wherein the
first end of the leveling link (380) is pivotally secured
to a lower side of the lift arm (314); and

wherein the tilt cylinder (376) and the leveling cylin-
der (374) are pivotally secured to the leveling link
(380) at a second end of the leveling link (380) that
extends above the lift arm (314).

The lift arm assembly (300) of claim 1, wherein the
leveling link (380) is pivotally secured to a lower side
of the lift arm (314);

wherein the implement carrier (306) is pivotally
secured to the lower side of the lift arm (314);
and

wherein the leveling cylinder (374) is pivotally
secured to an upper side of the lift arm (314).

The lift arm assembly (300) of claim 1, wherein the
leveling cylinder (374) and the implement carrier
(306) are pivotally secured to the lift arm (314) along
a common pivot axis.

The lift arm assembly (300) of claim 1, wherein the
isolated hydraulic circuit (302) further includes a
drain valve (750) configured to selectively release
fluid from the leveling and follower cylinders (374,
352).

The liftarm assembly (300) of claim 1, wherein the tilt
cylinder (376) is configured to pivot the implement
carrier (306) relative to the lift arm (314) so that the
implement carrier (306) operates as a first bell crank;
and

wherein the leveling cylinder (374) is configured to
pivot the leveling link (380) relative to the lift arm
(314) so that the leveling link (380) operates as a
second bell crank.

The lift arm assembly (300) of claim 13, wherein
extension of the tilt cylinder (376) causes the imple-
ment carrier (306), as the first bell crank, to pivotina
first rotational direction; and

wherein extension of the leveling cylinder (374), by
retraction of the follower cylinder (352), causes the
leveling link (380), as the second bell crank, to pivot
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opposite the first rotational direction.

15. Theliftarm assembly (300) of claim 1, wherein the lift

arm (314) is extendable.

Patentanspriiche

Hubarmanordnung (300), die aufweist:

einen Hubarm (314), der an einem ersten Ende
schwenkbar an einem Hauptrahmen (324) einer
Kraftmaschine (326) befestigbar ist;

einen Geratetrager (306), der schwenkbar an
einem zweiten Ende des Hubarms (314) befes-
tigt ist;

einen Hubzylinder (330), der schwenkbar an
einem ersten Ende des Hubarms (314) befestig-
bar ist und schwenkbar an einem zweiten Ende
des Hauptrahmens (324) befestigbar ist, so
dass das Ausfahren oder Einfahren des Hubzy-
linders (330) den Hubarm (314) anhebt oder
absenkt;

eine Nivellierverbindung (380), die schwenkbar
an einem ersten Ende des Hubarms (314) be-
festigbar ist;

einen Kippzylinder (376), der schwenkbar an
einem ersten Ende an dem Geratetrager (306)
befestigbar ist und schwenkbar an einem zwei-
ten Ende an der Nivellierverbindung (380) be-
festigbar ist, so dass die Betatigung des Kipp-
zylinders (376) ein Schwenken des Geratetra-
gers (306) relativ zu dem Hubarm (314) bewirkt;
und

einen isolierten Hydraulikkreis (302), der auf-
weist:

einen Folgezylinder (352), der schwenkbar
an einem ersten Ende an dem Hubarm
(314) befestigbar ist und schwenkbar an
einem zweiten Ende an dem Hauptrahmen
(324) befestigbar ist, so dass der Folgezy-
linder (352) mechanisch mit dem Hubzylin-
der (330) synchronisiert ist;

einen Nivellierzylinder (374), der an einem
ersten Ende schwenkbar an dem Hubarm
(314) befestigbar ist und an einem zweiten
Ende schwenkbar an der Nivellierverbin-
dung (374) befestigbar ist;

eine erste Leitung (308A), die einen hyd-
raulischen Fluss zwischen einem Basisen-
de des Folgezylinders (352) und einem Ba-
sisende des Nivellierzylinders (374) bereit-
stellt; und

eine zweite Leitung (308B), die einen hyd-
raulischen Fluss zwischen einem Stangen-
ende des Folgezylinders (352) und einem
Stangenende des Nivellierzylinders (374)

10

15

20

25

30

35

40

45

50

55

19

bereitstellt, wobei die Bewegung des Folge-
und des Nivellierzylinders (352, 374) durch
den Fluss durch die erste und die zweite
Leitung (308A, 308B) hydraulisch syn-
chronisiert wird.

2. Hubarmanordnung (300) nach Anspruch 1, wobei

der Nivellierzylinder (374) und der Kippzylinder (376)
schwenkbar an der Nivellierverbindung (380) ent-
lang einer gemeinsamen Schwenkachse befestigt
sind.

Hubarmanordnung (300) nach Anspruch 1, wobei
der isolierte Hydraulikkreis (302) bewirkt, dass der
Nivellierzylinder (374) ausfahrt, wenn der Folgezy-
linder (352) einfahrt, und dass er einfahrt, wenn der
Folgezylinder (352) ausfahrt.

Hubarmanordnung (300) nach Anspruch 1, wobei
die Nivellierverbindung (380), der Nivellierzylinder
(374) und der Geratetrager (306) schwenkbar am
zweiten Ende des Hubarms (314) an zwei oder mehr
Schwenkachsen befestigt sind; und

wobei entlang des Hubarms (314) das erste Ende
des Hubzylinders (330) und das erste Ende des
Folgezylinders (352) schwenkbar an dem Hubarm
(314) zwischen dem Hauptrahmen (324) und den
zwei oder mehreren Schwenkachsen an dem zwei-
ten Ende des Hubarms (314) befestigt sind.

Hubarmanordnung (300) nach Anspruch 4, wobei
das erste Ende des Folgezylinders (352) schwenk-
bar an einem befestigt ist von:

dem Hubarm (314) mit einer gemeinsamen
Schwenkachse mit dem ersten Ende des Hub-
zylinders (330); und
dem Hubarm (314) zwischen dem ersten Ende
des Hubzylinders (330) und dem ersten Ende
des Hubarms (314).

Hubarmanordnung (300) nach Anspruch 1, wobei,
wenn sich der Hubarm (314) in einer vollstandig
abgesenkten Position befindet, eine Langsrichtung
der Nivellierverbindung (380) vom ersten Ende der
Nivellierverbindung (380) zum zweiten Ende der
Nivellierverbindung (380) weg vom Geratetrager
(306) erstreckt.

Hubarmanordnung (300) nach Anspruch 6, wobei
die hydraulisch synchronisierte Bewegung der Fol-
ge- und Nivellierzylinder (352, 374) bewirkt, dass
das zweite Ende der Nivellierverbindung (380) um
das erste Ende der Nivellierverbindung (380) in
Richtung des zweiten Endes des Hubarms (314)
schwenkt, wenn der Hubarm (314) aus der vollstan-
dig abgesenkten Position angehoben wird.
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Hubarmanordnung (300) nach Anspruch 7, wobei
Uber einen Bewegungsbereich des Hubarms (314)
zwischen der vollstandig abgesenkten Position und
einer vollstdndig angehobenen Position die Langs-
richtung der Nivellierverbindung (380) einen spitzen
Winkel relativ zu einer Langsrichtung des Hubarms
(314) beibehalt, die sich zwischen dem ersten und
dem zweiten Ende des Hubarms (314) erstreckt.

Hubarmanordnung (300) nach Anspruch 8, wobei
das erste Ende der Nivellierverbindung (380)
schwenkbar an einer Unterseite des Hubarms
(314) befestigt ist; und

wobei der Kippzylinder (376) und der Nivellierzylin-
der (374) schwenkbar an der Nivellierverbindung
(380) an einem zweiten Ende der Nivellierverbin-
dung (380) befestigt sind, das sich oberhalb des
Hubarms (314) erstreckt.

Hubarmanordnung (300) nach Anspruch 1, wobei
die Nivellierverbindung (380) schwenkbar an einer
Unterseite des Hubarms (314) befestigt ist;

wobei der Geratetrager (306) schwenkbar an
der Unterseite des Hubarms (314) befestigt
ist; und

wobei der Nivellierzylinder (374) schwenkbar an
einer Oberseite des Hubarms (314) befestigt ist.

Hubarmanordnung (300) nach Anspruch 1, wobei
der Nivellierzylinder (374) und der Geratetrager
(306) schwenkbar an dem Hubarm (314) entlang
einer gemeinsamen Schwenkachse befestigt sind.

Hubarmanordnung (300) nach Anspruch 1, wobei
der isolierte Hydraulikkreis (302) ferner ein Ablass-
ventil (750) aufweist, das konfiguriert ist, selektiv
Fluid aus dem Nivellier- und dem Folgezylinder
(374, 352) abzulassen.

Hubarmanordnung (300) nach Anspruch 1, wobei
der Kippzylinder (376) konfiguriert ist, den Gerate-
trager (306) relativ zum Hubarm (314) zu schwen-
ken, so dass der Geratetrager (306) als ein erster
Umlenkhebel arbeitet; und

wobei der Nivellierzylinder (374) konfiguriert ist, die
Nivellierverbindung (380) relativ zum Hubarm (314)
zu schwenken, so dass die Nivellierverbindung (380)
als ein zweiter Umlenkhebel arbeitet.

Hubarmanordnung (300) nach Anspruch 13, wobei
das Ausfahren des Kippzylinders (376) bewirkt, dass
der Geratetrager (306) als erster Umlenkhebel in
eine erste Drehrichtung schwenkt; und

wobei das Ausfahren des Nivellierzylinders (374)
durch Zurickziehen des Folgezylinders (352) be-
wirkt, dass die Nivellierverbindung (380) als zweiter
Umlenkhebel entgegen der ersten Drehrichtung
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schwenkt.

15. Hubarmanordnung (300) nach Anspruch 1, wobei

der Hubarm (314) ausfahrbar ist.

Revendications

Ensemble de bras de levage (300) comprenant :

un bras de levage (314) qui peut étre fixé de
maniére pivotante a une premiére extrémité aun
chassis principal (324) d’'une machine motrice
(326) ;

un porte-outil (306) qui est fixé de maniere pi-
votante & une deuxiéme extrémité du bras de
levage (314) ;

un vérin de levage (330) qui peut étre fixé de
maniére pivotante a une premiere extrémité au
bras de levage (314) et fixé de maniere pivo-
tante @ une deuxiéme extrémité au chéssis
principal (324), de sorte que I'extension ou la
rétraction du vérin de levage (330) souléve ou
abaisse le bras de levage (314) ;

une liaison de mise a niveau (380) qui peut étre
fixée de maniere pivotante a une premiére ex-
trémité au bras de levage (314) ;

un vérin d’inclinaison (376) qui peut étre fixé de
maniére pivotante a une premiére extrémité au
porte-outil (306) et fixé de maniére pivotante a
une deuxiéme extrémité a la liaison de mise a
niveau (380), de sorte que I'actionnement du
vérin d’inclinaison (376) provoque le pivotement
du porte-outil (306) par rapport au bras de le-
vage (314) ; et

un circuit hydraulique isolé (302) qui comprend :

un vérin suiveur (352) qui peut étre fixé de
maniére pivotante a une premiére extrémité
au bras de levage (314) et fixé de maniére
pivotante a une deuxiéeme extrémité au
chéssis principal (324), de sorte que le vérin
suiveur (352) est mécaniquement synchro-
nisé avec le vérin de levage (330) ;

un vérin de mise a niveau (374) qui peut étre
fixé de maniére pivotante a une premiére
extrémité au bras de levage (314) et fixé de
maniére pivotante a une deuxieme extré-
mité a la liaison de mise a niveau (374) ;
un premier conduit (308A) assurant un débit
hydraulique entre une extrémité de base du
vérin suiveur (352) etune extrémité de base
du vérin de mise a niveau (374) ; et

un deuxiéme conduit (308B) fournissant un
débit hydraulique entre une extrémité de
tige du vérin suiveur (352) et une extrémité
de tige du vérin de mise a niveau (374),
dans lequel le mouvement des vérins sui-
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veur et de mise a niveau (352, 374) est
synchronisé hydrauliquement par le débit
passant par les premier et deuxiéme
conduits (308A, 308B).

Ensemble de bras de levage (300) selon la revendi-
cation 1, dans lequel le vérin de mise a niveau (374)
et le vérin d’inclinaison (376) sont fixés de maniére
pivotante a la liaison de mise a niveau (380) le long
d’'un axe de pivotement commun.

Ensemble de bras de levage (300) selon la revendi-
cation 1, dans lequel le circuit hydraulique isolé (302)
provoque I'extension du vérin de mise a niveau (374)
lorsque le vérin suiveur (352) se rétracte, et sa ré-
traction lorsque le vérin suiveur (352) s’étend.

Ensemble de bras de levage (300) selon la revendi-
cation 1, dans lequel la liaison de mise a niveau
(380), le vérin de mise a niveau (374) et le porte-
outil (306) sont fixés de maniére pivotante a la deu-
xiéme extrémité du bras de levage (314) au niveau
de deux axes de pivotement ou plus ; et

dans lequel, le long du bras de levage (314), la
premiére extrémité du vérin de levage (330) et la
premiere extrémité du vérin suiveur (352) sont fixées
de maniére pivotante au bras de levage (314) entre
le chéssis principal (324) et les deux axes de pivo-
tement ou plus au niveau de la deuxiéme extrémité
du bras de levage (314).

Ensemble de bras de levage (300) selon la revendi-
cation 4, dans lequel la premiére extrémité du vérin
suiveur (352) est fixée de maniére pivotante a I'un
des éléments suivants :

le bras de levage (314) avec un axe de pivote-
ment commun avec la premiére extrémité du
vérin de levage (330) ; et

le bras de levage (314) entre la premiére ex-
trémité du vérin de levage (330) et la premiére
extrémité du bras de levage (314).

Ensemble de bras de levage (300) selon la revendi-
cation 1, dans lequel, lorsque le bras de levage (314)
est en position complétement abaissée, une direc-
tion allongée de la liaison de mise a niveau (380)
s’étend, de la premiere extrémité de la liaison de
mise a niveau (380) a la deuxieme extrémité de la
liaison de mise a niveau (380), en s’éloignant du
porte-outil (306).

Ensemble de bras de levage (300) selon la revendi-
cation 6, dans lequel le mouvement synchronisé
hydrauliquement des vérins suiveurs et de mise a
niveau (352, 374) amene la deuxieme extrémité de
laliaison de mise a niveau (380) a pivoter autourde la
premiére extrémité de la liaison de mise a niveau
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(380) vers la deuxieme extrémité du bras de levage
(314) lorsque le bras de levage (314) est relevé a
partir de la position complétement abaissée.

Ensemble de bras de levage (300) selon la revendi-
cation 7, dans lequel, sur une plage de mouvement
du bras de levage (314) entre la position compléte-
ment abaissée et une position completement rele-
vée, la direction longitudinale de la liaison de mise a
niveau (380) maintient un angle aigu par rapport a
une direction longitudinale du bras de levage (314)
qui s’étend entre les premiére et deuxieme extrémi-
tés du bras de levage (314).

Ensemble de bras de levage (300) selon la revendi-
cation 8, dans lequel la premiére extrémité de la
liaison de mise a niveau (380) est fixée de maniére
pivotante a un coté inférieur du bras de levage (314);
et

dans lequel le vérin d’inclinaison (376) et le vérin de
mise a niveau (374) sont fixés de maniére pivotante a
la liaison de mise a niveau (380) a une deuxiéme
extrémité de la liaison de mise a niveau (380) qui
s’étend au-dessus du bras de levage (314).

Ensemble de bras de levage (300) selon la revendi-
cation 1, dans lequel la liaison de mise a niveau (380)
est fixée de maniére pivotante a un c6té inférieur du
bras de levage (314); dans lequel le porte-outil (306)
est fixé de maniére pivotante au c6té inférieur du
bras de levage (314) ; et

danslequel le vérin de mise a niveau (374) est fixé de
maniére pivotante a un c6té supérieur du bras de
levage (314).

Ensemble de bras de levage (300) selon la revendi-
cation 1, dans lequel le vérin de mise a niveau (374)
etle porte-outil (306) sont fixés de maniére pivotante
au bras de levage (314) le long d’un axe de pivote-
ment commun.

Ensemble de bras de levage (300) selon la revendi-
cation 1, dans lequel le circuit hydraulique isolé (302)
comprend en outre une soupape de vidange (750)
configurée pour libérer sélectivement le fluide des
vérins de mise a niveau et suiveur (374, 352).

Ensemble de bras de levage (300) selon la revendi-
cation 1, dans lequel le vérin d’inclinaison (376) est
configuré pour faire pivoter le porte-outil (306) par
rapportau bras de levage (314) de sorte que le porte-
outil (306) fonctionne comme un premier levier
coudé ; et

dans lequel le vérin de mise a niveau (374) est
configuré pour faire pivoter la liaison de mise a
niveau (380) par rapport au bras de levage (314)
de sorte que la liaison de mise a niveau (380) fonc-
tionne comme un deuxiéme levier coudé.
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Ensemble de bras de levage (300) selon la revendi-
cation 13, dans lequel I'extension du vérin d’inclinai-
son (376) ameéne le porte-outil (306), en tant que
premier levier coudé, a pivoter dans un premier sens
de rotation ; et

dans lequel I'extension du vérin de mise a niveau
(374), par rétraction du vérin suiveur (352), ameéne la
liaison de mise a niveau (380), en tant que deuxiéme
levier coudé, a pivoter dans le sens opposé au pre-
mier sens de rotation.

Ensemble de bras de levage (300) selon la revendi-
cation 1, dans lequel le bras de levage (314) est
extensible.
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